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The importance of a supply of pure air for all the 
rooms 01 a house is not yet realised by the public to the 
extent that it should be. In nearly all towns and villages 
there is a popular demand for a pure water supply, and 
^ yet the very people who will insist upon this are, in many 
cases, living year after year in rooms where the chimney 
is stopped up and the windows never opened. Children 
reared amidst such suiToundings are liable to be rickety 
and tuberculous, and, even if they escape these diseases, 
their growth is stunted and their constitution permanently 
injured. 

The relative importance of pure air to the body is easily 
understood when it is considered that there are cases on 
record of human beings living for five or six weeks without 
food, whereas deprivation of air causes death in four or 
five minutes. 

Air is a mixture of gases in which each constituent 
preserves all its characteristic chemical and physical 
properties, the properties of air being a mean between 
the properties of its constituents. Its composition is not 
invariable. If air were a chemical compound its com- 
position would be invariable, and its properties would 
bear no relation to the properties of its constituents. 

AP. HYG, 1 
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The average volumetric composition of pure atmospheric 
air may be taken as 

Nitrogen . . . . . . . . 78 

Argon . . . . 1 

Oxygen 20*96 

Carbon dioxide . . . . . . '04 



10000 

There are also variable quantities of water vapour, 
ammonia, organic matter, mineral salts, nitric acid, and 
traces of ozone ; in towns sulphurous acid and sulphuretted 
hydrogen are present. 

It is a remarkable fact that the composition of the air is 
practically the same in every part of the world. In mid- 
ocean it differs but very slightly from the air in the open 
spaces of large towns. This extraordinary uniformity in 
composition is brought about by several forces which are 
always at work purifying the air. These are : 

1. The rain, which, as it falls, washes the air free 

from most of tJie suspended impurities. It also 
removes the greater part of the organic impurities 
as well as any acid gases ; e.g. oxides of sulphur, 
oxides of nitrogen, etc. 

2. The winds, which dilute and sweep away impurities, 
^ and bring a supply of pure air to take their 

place. DifEusion also assists in the dilution of 
impurities. 

3. The green parts of plants, which, when the sun is 

shining upon them, possess the power of absorb - 
iDg carbon dioxide from the air, keeping the 
carbon as their food, and setting free the 
oxygen. 

4. The oxygen in the air — especially when in the 

form of ozone — which gradually oxidises and 
renders harmless the organic matters. 

Ozone may be detected in the open air of seaside and 
country places. It is oxygen in an extremely active 
condition, and is able to attack and render harmless any 
waste organic matter. When it does this it is converted 
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into ordinary oxygen and so it is never found in towns, 
because there are always large quantities of organic 
waste in these places. 

The impurities in the air are divided into : 

A. Suspended impurities 

B. Gaseous impurities. 

Suspended Impurities. 

The presence of these impurities is shown when a ray of 
sunshine enters a darkened room. The particles thus made 
visible are only the larger and coarser ones, by far the 
greater number being invisible to the naked eye. They 
are of the most varied nature, and some are injurious, while 
others are comparatively harmless. They are best classified 
into {a) inorganic particles and (h) organic particles. 

The inorganic particles include fine particles of sand, coal, 
carbon, soot, common salt, clay, and many of the suspended 
impurities that are produced in several trades and manu- 
facturing processes. These inorganic suspended impurities 
are, as a rule, comparatively harmless unless in excess. 
When in excess, however, they act as mechanical irritants 
to the eyes and lungs, and tend to produce bronchitis, 
emphysema, and fibroid phthisis. The character of the 
particles, rather than the source of the dust, determines 
the amount of the injury that they will produce if inhaled. 
The sharp, hard, and angular particles are the most 
injurious. These become impacted in the walls of the 
air-cells and bronchioles, and, not being dislodged by 
expectoration, set up a chronic inflammation of the tissues 
of the lungs. A smaller class of inorganic suspended 
particles are injurious because they are capable of acting 
as poisons, e.^. white lead and phosphorus. 

The chief trades in which the workers are exposed to the 
inhalation of inorganic dust may be classified according 
to the kind of particles they evolve. 

1. Metallic irritating particles. This kind of dust is 
given off in the dry grinding of cutlery, tools, 
files, needles, and general metal work. Thr 
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in these trades sufPer largely from phthisis, 
bronchitis, and pneumonia. 

2. Mineral irritating particles. The chief sufferer 

from this kind of dust appears to be the Cornish 
tin miner. The particles of stone dust which he 
inhales are sharp and angular, and moreover he 
works in a heated and vitiated atmosphere. The 
mortality among coal miners from this cause is 
not half so great, because the particles are not so 
sharp and angular. In this class must also be 
included the dust from stone working and grind- 
stone making; also earthenware, china, and 
pottery manufacturing, the workers in which 
suffer enormously from bronchitis and emphy- 
sema. In the best factories, however, this dust 
is collected and removed by mechanical brushes 
and fans. 

3. Foisanom particles. Printers, earthenware manu- 

facturers, plumbers, painters, and file makers are 
all subject to lead poisoning. This is due to some 
extent to the inhalation of oxide of lead, but 
more usually to the mixing of lead or its com- 
pounds with the food when meals are eaten with 
imperfectly cleaned hands. The usual symptoms 
of lead poisoning are (1) obstinate constipation 
and colic; (2) lead palsy, often called wrist 
drop ; (3) the blue line on the gums. Workers 
in copper and brass foundries are subject to a 
special fonn of ague, and to obscure nervous 
disorders. These are probably due to the in- 
halation of poisonous fumes and not actual sus- 
pended particles. In match making — ^where 
yellow or ordinary phosphorus is used — a disease 
of the jaw bones is prevalent. Arsenical poison- 
ing occurs among the makers of artificial flowers 
and arsenical wall papers. Here also the in- 
jurious effects are more probably produced by 
the inhalation of poisonous vapours than by 
actual particles. 

The general methods of removing or reducing the 
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daogers from the above trades may be thus summar- 
ised : — 

(a) Increased cubic space should be provided for the 
workers, and more efficient ventilation estab- 
lished. 

{b) Screens and fans may be arranged so that the 
dust is carried away from the operator and out 
of the room as quickly as possible. 

(c) No meals should be allowed in workshops. 

(d) Lavatories should be provided, and the workers 

encouraged to pay great attention to the cleanli- 
ness of the hands and nails. 
{e) Harmless materials should be substituted in every 
possible case, ^.y. the glaze used in the potteries 
can now be made without any lead; red or 
amorphous phosphorus may be substituted for 
yellow phosphorus. 

The organic suspended particles vary even more greatly 
than the inorganic. The more common include starch cells, 
pollen grains, and minute seeds of plants ; fine fragments 
of wood, wool, cotton, silk, and hair ; also particles of fat, 
scales of skin, bacteria, and their spores. Although the 
majority of these particles are quite harmless, yet it is 
undoubtedly a fact that they form a powerful factor in the 
spread of disease. Thus the dried particles of expectora- 
tion from consumptive persons may convey the disease to 
others,. especially to those who live with them in a badly 
ventilated room. In a similar way the dried scales of 
skin from cases of smaU-pox and scarlet fever may 
carry the germs of these diseases to a considerable dis- 
tance. 

Organic dust is also given ofE by several manufacturing 
processes. For instance, in artificial manure works a large 
amount of animal dust is produced, which may be more or 
less of a septic nature; in factories for working hemp, 
jute, fiax, cotton, wool, and silk the dust from these 
materials is extremely irritating and often produces serious 
ill-health. Carpenters, joiners, and cabinet makers are 
exposed to wood dust. 
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Oaseous Impurities. 

These impurities are poured into the air by (1 ) the respira- 
tion of men and animals ; (2) combustion; (3) fermentation 
and putrefaction ; (4) some trade processes. The special 
impurities produced by respiration are treated in the fol- 
lowing chapter. 

Impurities from combustion. These are chiefly carbon 
dioxide, OOa, sometimes called carbonic acid gas ; water 
vapour, HjO ; sulphur dioxide, SO3 ; and occasionally car- 
bon monoxide, CO, sometimes also called carbonic oxide. 
Coaly when burued, usually produces carbon dioxide, 
sulphur dioxide, and water vapour, but if burned with an 
insuflGlcient supply of air a considerable quantity of carbon 
monoxide is produced. Coke and charcoal are especially 
liable to form this gas when the combustion takes place in 
closed stoves. Carbon dioxide (carbonic acid gas) when 
present in the air even to the extent of 2 per cent, appears 
to have no inj urious action on health, provided that it is 
not accompanied by other impurities. Carbon monoxide 
(carbonic oxide), on the other hand, is very poisonous. 
Deaths have occurred from the inhalation of air containing 
as little as 0-4 per cent. This gas has no smell or colour 
and so it is not perceived by the victim, who quickly loses 
the power of movement and seems to have no desire to 
make any effort to escape. The chief cause of its exces- 
sively poisonous properties is its affinity for the haemo- 
globin of the red corpuscles, with which it quickly 
combines and forms a peculiar cherry-coloured compound, 
so that the red corpuscles can no longer act as carriers of 
oxygen to the tissues, and death from asphyxia soon f oUo\^s. 

A molecule of carbon dioxide consists of an atom of 
carbon combined with two atoms of oxygen, as shown by 
the formula, COs, while a molecule of carbon monoxide 
consists of one atom of carbon and one atom of oxygen. 

Coal gaSy when burned, yields J cubic foot of CO2 and 
a small quantity of SO, for each cubic foot of gas consumed. 
Other iUuminants, such as candles or paraffin, yield a 
greater amount of CO2 if the same amount of light is 
required, but as a more localised illumination is usuadly 
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tolerated from lamps and candles the actual vitiation of 
the air is less when these are used than when gas is em- 
ployed. A serious objection to the use of gas as an 
illuminant is the presence of a small quantity of sulphur 
dioxide iu the products of its combustion. This gas, 
though probably not present in sufficient quantities to 
injure health, will act injuriously on pictures, the binding 
of books, and on vegetable life. 

Coal gas may hnd its way into a house from defective 
pipes aud burners, or from leaky or cracked mains in the 
street, having first of all mixed with the ground air and 
thus entered the basement of the house. The results of 
continually breathing small quantities of this gas appear 
to be various throat affections and general deterioration of 
health. In larger quantities, the efEect would soon be 
fatal, owing to the presence of carbon monoxide in coal 
gas. 

Imparities from fermentation and putrefaction. A 
considerable proportion of the carbon dioxide in the air 
is produced by the various processes of fermentation and 
putrefaction that are constantly going on. Thus the 
air in marshy districts may contain as much as '8 of C02 
per 1000 volumes. Unfortunately, when the fermentation 
and putrefaction takes place in cesspools and badly con- 
structed sewers and drains, the carbon dioxide is accom- 
panied by sulphuretted hydrogen, carbon bisulphide, and 
-some complicated organic vapours, all of which are ex- 
tremely injurious to health if they obtain entrance to a 
dwelling. It is also very probable that poisonous alka- 
loidal substances called ptomaines and leucomaines may 
accompany the vapours which are given o£E by the decom- 
position of animal matter. Provided that these gases are 
poured into the open air only, it is very unlikely that they 
are capable of producing any injury to human beings, but 
if they gain access to the house they give rise to what is 
known as mephitic poisoning. The symptoms of acute 
mephitic poisoning, which is very rare, are vomiting, 
puling, headache, prostration, and convulsions. Chronic 
cases are much more frequent, and are marked by general 
ill-health, gastric and intestinal derangement, tendency to 
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boils and sore throat, and slight cough. In large towns, 
possessing only a very indifEerently planned sewerage 
system, wholesale conversions into water-closets, and still 
more so, the provision of indoor water-closets, has not met 
with the success expected by ignorant sanitary enthusiasts. 
The reason is probably that a more perfect connection has 
been established between the dwelling houses and a foul, 
stagnant, and putrefying sewer. The result is that cases 
of enteric fever, diphtheria, erysipelas, etc., occur where 
the sanitary authorities are least expecting them, and the 
general public is led to look with suspicion upon the ideas of 
modem sanitation. No system of ^^ disconnection/' however 
perfect it may appear to be, can be relied upon to protect a 
house from the gases in a foul sewer. The universal adop- 
tion of the water carriage system in dealing with excreta 
will never produce the anticipated results until municipal 
authorities realise that the inhabitants of any house con- 
nected with an old-fashioned, badly laid sewer are constantly 
exposed to the danger of infection. 

One of the chief causes of the summer diarrhoea which 
is so conmion in the badly drained districts of large towns 
is the contamination of the air by the products of the 
decomposition of sewage, which either putrifies in the foul 
sewers, or escapes through the defective sewer walls into 
the surrounding soil. When the necessary temperature 
has been reached various bacterial forms of life are 
able to flourish in this polluted soil, and these prob- 
ably play an important part in the production of this 
disease. 

The ground air of crowded graveyards and vaults con- 
tains excess of carbon dioxide and some organic impurities. 
This will produce no injurious results if it escapes into the 
open air, but if it finds its way into a dwelling would pro- 
bably give rise to similar symptoms to those of chronic 
mephitic poisoning. 

The air over marshes usually contains excess of carbon 
dioxide as well as sulphuretted hydrogen, marsh gas, 
and organic gases. The suspended matter in such 
air consists of fungi, bacteria, and general vegetable 
debris. 
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Gaseous impurities from trades. Injurious gases are 
evolved in alkali, chemical, and vitriol works ; also in the 
manufacture of bleaching powder and chemical manure. 
Miners are exposed to carbon dioxide, marsh gas, and the 
products of the explosion of blasting powders. Arsenical 
vapours are often present in works where ores are roasted, 
and zinc fumes are given off in the process of brass-found- 
ing. The use of carbon bisulphide in indiarubber works 
leads to the presence of this vapour in the air if special 
precautions are not taken. In addition to the above trades 
there are other processes evolving offensive gases which, 
however, are not necessarily injurious, e,g, bone-boiling, 
glue-making, brick-making, etc. 



MOISTUEE IN AIR. 

Evaporation is constantly going on from the surface of 
water and from moist earth, but the rate is continually 
varying. At the same time large quantities of water 
vapour are being poured into the air by the respiration of 
animals and many cases of combustion. 

If the temperature were kept fixed, a limit would soon be 
reached and the air would then be incapable of receiving 
any more water vapour, and no more evaporation would 
go on from the surface of water. When the air at any 
given temperature contains as much water vapour as it 
can hold it is said to be aaturatedj and while it is capable 
of holding more it is unsaturated. The warmer the air the 
greater is the amount of water vapour that it can hold. 
If, therefore, the temperature of a certain quantity of 
saturated air be raised it ceases to be saturated and 
becomes unsaturated, because it is now capable of taking 
up more water vapour. On the other hand, if the 
temperature of a given volume of saturated air is lowered 
it becomes incapable of holding so much water, therefore 
some of it appears in the form of rain or dew. If some 
unsaturated air is cooled sufficiently a temperature is 
eventually reached at which the amount of moisture is 
sufficient to make the air saturated. This temperature is 



10 



AIB. 



called the " dew point." If the air is now still further 
cooled a deposit of dew takes place. This is easily illus- 
trated by placing a flask filled with cold water in a hot 
room. It soon becomes covered with a deposit of dew. 

When air is close to its saturation point it is said to be 
moist, and when far from saturated it is called dry air. 
As a rule the atmosphere contains from 1 to IJ per cent, of 
water vapour. The amount of water vapour present in 
the air is not usually expressed as a percentage, i.e. the 
number of grains of water contained in 100 grains of air. 
It is more usually expressed in terms of the "relative 
humidity/' which gives far more useful information than 
the simple percentage does. Relative humidity may be 
defined as : — 

The amount of — 



water vapour actually present in a given volume of air 



water vapour that would be present if the air were saturated 



X 100. 



This is best illustrated by actual figures. The following 
table shows roughly the number of grains of water that 
will saturate a cubic foot of air at the given temperatures : 



2 grains at 30° F. 



8 J gi^ains at 72° F. 



3 




,41° 


F. 


9 






74° F. 


H 




,45° 


F. 


9i 






75-5° F. 


4 




, 49° 


F. 


10 






77° F. 


4^ 




, 53° 


F. 


lOi 






78-5° F. 


5 




, 56° 


F. 


11 






80° F. 


5J 




, 59° 


h\ 


H* 






81-5° F. 


6 




, 61° 


F. 


12 






83° F. 


6i 




, 64° 


F. 


12i 






84-5° F. 


7 


• 7 7 7 


, 66° 


F. 


13 






86° F. 


n 




, 68° 


F. 


13i 






87° F. 


8 




, 70° 


•F. 


14 






88° F. 



Thus if air at 49° F. contained 4 grains of water per cubic 
foot it would be saturated, or its relative humidity would be 

J X 100 = 100 degrees of humidity. 
Again, if air at 70°F. contained 4 grains of water per 
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cubic foot it has only four grains out of a possible eight, 
and the relative humidity would be 

IX 100 = 50 degrees. 

If this air cooled down to 49°F. it would become satu- 
i-ated, because the 4 grains of water are all it can hold 
now, so that 49° would be the dew point. 

The sensations of moisture and dryness of the air depend 
entirely upon the relative humidity and not upon the actual 
quantity of water vapour that may be present; so that 
there may be a far greater quantity of water in the air on 
a hot dry summer's day than on a cold damp wiuter's day. 
With moderate temperatures the most agreeable degree of 
humidity is between 65 and 75 degrees. Excessive hu- 
midity of the air is undoubtedly depressing and enervating. 
A hot moist atmosphere is particularly unpleasant, while 
very high temperatures may be borne without discomfort 
if the air is dry. A low degree of humidity appears to 
suit persons suffering from the early stages of phthisis, 
and their removal to such a climate is often attended by 
most satisfactory results. 

As a general rule the less the relative humidity of the 
air the brighter and more exhilarating it feels. A 
cubic foot of dry air at 60° F. and the ordinary atmospheric 
pressure weighs 536-27 grains, while a cubic foot of 
saturated air at the same temperature and pressure weighs 
532*74 grains, i,e, the saturated air weighs less than an 
equal volume of dry air. Now the height of the barometer 
depends upon the weight of the air above it ; it therefore 
follows that the greater the percentage of water vapour 
in the air the lower will the barometer read. 

The instruments by means of which the amount of 
moisture in the air can be determined are called hygro- 
meters. They are divided into two kinds, indicating the 
dew point directly or indirectly. Daniel's hygrometer may 
be taken as an example of those instruments by which the 
dew point is determined directly, and the "wet and dry 
bulb thermometer " is one that gives the dew point indi- 
rectly. Both these instruments are described at the end of 
the chapter, in the part devoted to practical work. 
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EAIN AND EAINFALL. 

Cause of rain. Bain is produced by the cooling of air 
below its dew point. When warm air is in contact with 
the surface of water evaporation takes place very rapidly, 
and the density of the air becomes less. The warm moist 
air then rises, and in the higher regions it becomes 
suddenly cooled either by contact with the cold mountain- 
tops or by meeting cuirents of cold air. Being cooled 
below its dew point it is no longer capable of holding its 
moisture which is then deposited in the form of rain. 
This may be illustrated by the warm moist westerly winds 
which reach the western coast of the British Isles, and, being 
cooled there, deposit large quantities of rain, thereby 
causing the rainfall to be more than double tJiat on the 
eastern coast. 

Eainfall. It is usual to measure rainfall in inches. 
By an inch of rain is meant an amount which, if none were 
lost by evaporation, percolation, etc., the ground would be 
covered with water one inch deep. The average annual 
rainfall in Great Britain is about 35 inches, varying from 
about 20 inches on the east coast to about 70 inches on the 
west coast of Ireland and Scotland, In certain parts of 
Cumberland it amounts to 150 inches. In one day it rarely 
exceeds one inch in the country, though on certain occasions 
as much as 5 inches have been registered. 

The rainfall of a district is influenced by many con- 
ditions. Among these may be mentioned : — 

1. Distance from the sea. Other conditions being the 
same a place near the sea will probably have a greater 
rainfall than one farther away. Proximity to the sea 
produces, generally speaking, a temperate, equable, and 
numid climate. On the other hand a wind that has already 
passed over land before it reaches a place has probably 
deposited the greater part of its moisture on the way. 

2. The direction and nature of the prevailing wind. For 
instance, if a place is exposed to a westerly wind during 
the greater part of the year, it is obvious that the rainfall 
will depend upon the nature of this wind. If it comes from 
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warmer climates and is laden with moisture, like tlie west 
wind in England, the rainfall will be high ; if it comes 
from a colder climate and has passed mainly over land, 
like the east wind in this country, the rainfall will be low. 

3. The neighbourhood of hills and mountains. Mountain- 
ous districts have a greater rainfall than the plains, even 
when at a distance from the sea. The tops of mountains are 
usually cold, and they lower the temperature of the warm 
air in flie higher regions below its dew point, thereby causing 
a fall of rain. On the other hand if the neighbouring 
mountains are situated so as to receive the rain-bearing 
wind before it reaches the place, the rainfall will be small, 
as shown by the almost rainless district of the Saskatche- 
wan, which lies to the east of the Rocky Mountains. The 
moist westerly winds from the Pacific meet these mountains, 
become chilled, and deposit a great quantity of rain on their 
western slopes, but pass on, cold and dry, over the eastern 
districts. 

4. The height of the district above the sea level also in- 
fluences the rainfall. The mean annual rainfall increases 
up to a certain altitude, above which it diminishes. The 
elevation at which the maximum rainfall takes place 
depends upon exposure to rain-bearing winds, the trend of 
the valleys, etc., and so it varies with the locality. It may 
be taken to average between 3000 and 4000 feet. 

5. The presence or absence of vegetation. Forests dimin- 
ish the radiation of heat* from the soil, thereby making hot 
climates cooler and increasing the rainfall. It is a well- 
known fact that the trees in a forest and the air around 
them are cooler during the day than the air in the open. 
If, therefore, a current of air passes from the open into the 
wood it may become cooled below its dew point, and deposit 
dew or rain. In Palestine the destruction of forests has 
reduced fertile regions to deserts, whereas the recent 
systematic planting of trees in Egypt is already increas- 
ing the scanty rainfall of that country. 

In some districts the water supply depends upon the 
rainfall, and in these cases it is of importance to know 
exactly the quantity that would be received by a given 
collecting surface. Suppose, for instance, the average 



14 AIR. 

rainfall in a district was 30 inches, and it was necessary to 
know the amount of water that would be collected by a 
flat roof measuring 60 feet by 40 feet. 

Total volume of water collected = 60 x 40 X f J cu. ft. 

= 6000 cu. ft. 
Taking 6^ gallons to the cu. ft. = 6000 x 6^ galls., 

= 37600 gaUa. 
In practice it is usual to allow one-fifth of the total rain- 
fall for loss by evaporation. 

,'. loss by evaporation = ^ifaa = 7500 galls. 
/. amount collected =: 37500 — 7500 
= 30000 galls. 
l[easnr«ineiit of Sainfoll — the Rain Oai^. The rainfall 
is measured by an instrument called the rain gauge. This 



in its simplest form, consists of three parts — (a) a glass or 
copper funnel to collect the rain. (S) A glassor metal vessel 
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to receive the water collected by the funnel. (The stem 
of the funnel is made narrow and passes to the bottom of 
the receiving vessel.) (^) A measuring glass, graduated 
according to the area of the mouth of the funnel, so as to 
indicate the fall of rain in decimals of an inch. For instance, 
suppose the diameter of the funnel is 8 inches, ue, its radius 
is 4 inches. 

Now area of a circle = V- X (radius)' 
,*, area of mouth of collecting funnel = -^^ x 4' sq. in. 

= V^ X 16sq. in. 
= 50|- sq. in. 

Therefore if one inch of rain fell in the funnel the 
receiver would contain 5 Of cubic inches of water. For 
convenience in measuring, this volume should be expressed 
in fluid ounces or in cubic centimetres. 

1 cu. in. = '59 fluid oz. 
or 1 cu. in. = 16*4 cu. cm. 
Using these factors, 60|^ cu. in. = 29^ fluid oz. 

or = 824*3 cu. cm. 

The next step is to measure this quantity of water, i,e, 
29^^ fluid ounces, or 824* 3 cubic centimetres, and pour it 
into the measuring glass. If the vessel is now marked with 
a line at the level of the water that line will represent the 
graduation of an inch of rain. By dividing the glass below 
this mark into 100 equal parts we shall have graduations 
corresponding to toct of an inch, or '01 inch. Sometimes 
a smaller measuring glass is used. In this case it is usual 
to calculate the volume of water corresponding to half-an- 
inch rainfall, and to graduate the glass in the same way ; 
in this case there should, of course, be only fifty subdi- 
visions if each is to coimt tJo- of an inch. 

The position of the rain gauge is important. It should 
be placed in an exposed position so that the top of the 
funnel is a foot from the ground. The spot should be 
dear of shrubs, trees, buildings, and all objects whose 
height is greater than their distance from the gauge. A 
rain gauge should never be placed upon a house roof 
unless no other open position can be obtained, as it is 
found in practice that a smaller amount of rain is 
registered in these positions owing to the up-current 
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of air produced by the wind impinging against the 
surface of walls. 

The gauge should be visited every day, usually at 9 a.m. 
The funnel should be carefully removed, the water poured 
into the graduated measure, and the reading noted. In 
winter the upper edge of the funnel is fitted accurately 
with a vertical rim about 6 inches in depth in order to 
retain snow which would be very liable to be blown out of 
the funnel. When snow is collected it should be melted 
by adding a measured quantity of warm water to it : then 
the total amount is measured and the volume of the warm 
water subtracted from it in order to ascertain the amount 
of water collected in the form of snow. 



PRACTICAL WORK ON CHAPTER I. 
The Examination of Aee. 

For all practical purposes the determination of OOj, and 
the examination of the suspended matters in air are all 
that is generally required. The value of the COs deter- 
mination is that, if it has been produced by respiration, it 
serves as an index of the organic matter that must have 
been poured into the air with it. It is extremely unlikely 
that the COs is present in sufficient quantities to be harm- 
ful, because that gas, when produced by other processes 
than respiration, is so inert that there may be as much as 
1*5 or 2 per cent, of it in the air without producing in- 
jurious results. Carbon dioxide from the lungs is, 
however, always accompanied by very poisonous organic 
impurities which are much more difficult to estimate than 
the COj. It is, therefore, much more convenient to 
estimate the amount of COa present and to infer from this 
whether the organic impurity, which accompanies it, is 
likely to be harmful or not. 

1. To detect the CO2 in air. 

Pour about 50 c.c. limewater into a Winchester quart bottle. Put 
in the stopper and shake well. The limewater is turned milky, 
showing the presence of CO^. 
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2. To estimate the amoimt of CO2 in the air. 

Eequired — (a) A standard solution of oxalic acid containing 2*84 
grammes per litre. In its neutralising power this solution is of such 
a strength that 1 c.c. of it is equivalent to '5 c.c. of CO2 at 0°C. and 
760 mm. pressure, {b) A small quantity of solution of phenolphtha- 
lein as an indicator. This substance produces a beautiful purple 
colour in an alkaline liquid, but becomes colourless when sufficient acid 
is added to the liquid to make it neutral, [e) Some filtered limewater. 
[d) A large clean stoppered bottle with a capacity of about 3 litres. 
{e) Two burettes. Measure 60 c.c. of the limewater into a beaker, add 
a few drops of phenolphthalein, and then run in the oxalic acid solution 
from a burette until the last drop causes the pink colour to disappear. 
Note the volume of oxalic acid solution required to do this. 

Blow air from a pair of bellows through the large bottle so that you 
may be sure you are analysing the air from the room. Then measiire 
50 c.c. limewater into the bottle, put in the stopper, and shake the con- 
tents vigorously. Now allow the limewater to remain in contact with 
the air for about three hours, shaking the bottle well from time to time. 
At the end of that time empty the contents into a clean beaker and 
wash out the bottle three times with a little distilled water which is 
also poured into the beaker. Add a few drops of phonolphthalein and 
then run in the oxalic acid solution until all the colour has disappeared. 
Note the number of cubic centimetres of oxalic acid solution required 
to do this. It will be found that a smaller amount of oxalic acid is 
required to neutralise 50 c.c. limewater after it has absorbed the COs 
in the bottle than the 50 c.c. limewater in the first instance. The 
reason is that the CO2 had already neutralised some of the second 
quantity of limewater when it was standing in the bottle and so a 
smaller amount of oxalic acid is required to finish the neutralisation. 
The difference between the two quantities of oxalic acid solution will 
evidently give the amount of acid equivalent to the CO2 in the bottle. 
The capacity of the bottle must now be measured. Fill it with water 
and pour the water into a measure. Kead off the volume of water and 
this gives the volume of air that was in the bottle. Read the tempera- 
ture t° of the room with a centigrade thermometer. Then 

capacity of bottle x 



273 + ^ 



gives the volume of air corrected for temperature. It is not usually 
necessary to correct the volume for pressure. The figures in the 
following experiment will illustrate the method of calculation. 

(a) 50 c.c. limewater were taken and titrated with standard oxalic 

acid solution. This required 43*5 c.c. oxalic acid solution to 

neutralise it. 
{b) Another 50 c.c. limewater were run into a Winchester quart 

bottle and allowed to stand for five hours, the bottle being 

well shaken from time to time. 
AD. HYG. 2 
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{e) The contents of the bottle were emptied into a beaker and the 
rinsings of the bottle added. On titration with oxalic acid 
solution this required 39*8 c.c. 

.'. The GO2 in the bottle neutralised the same amount of 
lime water as would be neutralised by 43*5 — 39*8 cc, 
that is by 3*7 c.c. oxalic acid solution. 
But the oxalic acid solution is made so that 1 c.c. is equivalent 
to '6 c.c. of CO2. 

.'. 3-7 c.c. are equivalent to 3*7 x '5 c.c. of CO2, ue, 1*85 
c.c. of CO2. 
(d) The bottle was found to hold 3215 c.c. The temperature of the 
laboratory was 19°C. 

.'. corrected volume = 3215 x fj||. 

= 3004 c.c. 
/. 3004 cc.air contained 1*85 c.c. of CO2. 
.*. 100 c.c. air contained *061 c.c. of CO2. 
.*. the air of the laboratory contained *06 per cent of CO2. 

3. To eitimate the amount of organio matter in air. 

This, as previously explained, is not usually determined, but is 
inferred from the amount of CO2 that is present. For a qualitative or 
comparative test it is sometimes determined how much air it takes to 
decolourise 1 milligramme of potassium permanganate in dilute acidified 
solution. The necessary amoimt of acidified permanganate is shaken 
uj) with different volumes of air until such a volume is taken as con- 
tains exactly the amount of organic impurity to lust decolourise it. 
Obviously, the more impure the sample of air is the less will be the 
volume of it that is required to decolourise the permanganate. 

4. Teit for oiono. 

Dissolve a crystal of potassium iodide in a few drops of water and 
add to the solution a small quantity of solution of starch. Soak in 
this mixture several strips of white blotting paper. If these strips 
are exposed to air containing ozone they will turn blue. Ozone can- 
not be detected in the air of a room under ordinary circumstances, 
and so the test should be applied to some prepared ozone. Pour some 
oil of vitriol into a shallow dish and sprinkle into it a small quantity 
of barium peroxide. A gas is given off, which is oxygen containing 
some ozone. Hold one of the strips in the gas ; it is turned blue by 
the ozone. This test is not absolutely reliable because there are other 
gases which will produce the blue colour. Ozone is distinguished 
from these gases by its property of turning blue a piece of red litmus 
paper soaked in potassium iodide. 

5. The relative proportions of oxygen and nitrogen in air are 
roughly estimated as follows : — Take a glass tube about 1 inch wide 
and 18 inches long, closed at one end, and provided with a well- fitting 
cork for the open end. Put into the tube a piece of phosphorus about 
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The tube G is connected to the aspirator, 
ir throu);h t)ie appumlus for nbout half on 
hour, then remove A nnd examinu it 
; under a mieioseope. 

[d] Another pliin ontoilH thu ubg of a 

Boluhlo filter, t.g. of puro augar, A glaw 

tube about 1 inch diumeter is used. One 

end should be drawn out to attach ba the 

aapiralor [or an indisrubber bung fitted 

with a narrower tube may be used) and 

the other end left open. The tube is 

then loosely packed with fiue crystalline 

sugar for several inchcti, and air is diawa 

through the tube fur about two hours. 

The sugar is then shaken out into as 

much warm water as is necessary to 

dissolve it readily and a drop of the liquid 

may be examined microscopically. If it 

Fig. 3. is required to know lie weight ot 

suspended impurities in a cubic metre of 

air the aspiratod air is measured, and the suspended matter is sopar- 

uted from the dissolved sugar by filtration through a weighed 

Swedish filter paper. 'Jlie contents of the filter paper are then washed 

with distilled water and the paper dried in an oven at about ISO^F. 

It is then weighed. The gam in the weight of the filter paper gives 

the weight of suspended impurities in the volume of aspirated air. 

(e) The methods of examination of the suspended impurities for 
bacteria am ot the utmost importance, but are beyond the scope of 
this book. 



HrOKOMFTKY. 

1. The Vat -and-Dr;- Bulb Tharmometer. 

This is the commonest form of hygrometer. The i 
eonsisla of two ordinary thermomelors fixed side by aide on a frame. 
The bulb of one ot the thermometers is covered with muslin which is 
kept constantly moist by means of a piece of lamp-wick which dips 
into a vessel containing distilled water. 

The evaporation of tie water from the muslin surrounding the wet 
bulb causes heat to be absorbed, and so the wet-bulb thermometer 
usually registers a lower temperature than the dry one. The 
diflerence between the two readings depends upon, and is a measure 
of, the dryness of the sir. If the air is dry there will be rapid 
evaporation taking place from the wet bulb, causing nipid absorption 
of heat, and so Uie reading of the wet-bulb thermometer will be 
considerably lower than tlie dry one. On the other hand, if the air is 
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moist and nearly saturated there will be little difference between the 
two, because evaporation takes place very slowly under these con- 
ditions. If the air is saturated there will be no evaporation and the 
readings will be the same. 
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Exp. 1. Place a thermometer in a 
vessel filled with water that has been in 
the room for an hour. Note its reading, 
and then take it out of the water and 
note the effect of the evaporation from 
the wet bulb. 

Exp. 2. Eepeat the experiment, but 
after taking the thermometer out of the 
water move it rapidly to and fro. This 
causes the evaporation to take place 
much more quickly than in Experiment 
1. Note the reading and put down 
what you infer as to the effect of rapid 
evaporation. 

Exp. 3. Dip the bulb of a thermo- 
meter into methylated spirit, withdraw 
it and allow the spirit to evaporate. 
Note the effect of rapid evaporation 
upon the temperature registered by 
the thermometer, 

Exp, 4. Pour a few drops of water 
on the top of a block of wood. In 
this water place a small beaker. The 
bottom of the beaker is now connected 
to the top of the wood by a thin film 
of water. Pour a small quantity of ether 
into the beaker and direct a stream of 
air upon the surface of the ether. 
(N.B. — No flame should be allowed on 
the bench where ether is being used.) 
The stream of air causes rapid evapor- 
ation to take place, and this absorbs so 
much heat that the beaker becomes frozen to the wood, 

Exp. 5. To me the wet-and-dry-hulb thermometer. The instru- 
ment should be placed in the shade, 4 feet from the ground, and 
protected from air currents and direct sunshine. Note the readings 
of the two thermometers. 
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4. — Thr "Wet-and-Dry- 
Bdlb Thbrmomrtkr. 



Example : 



Wet bulb. 
54°F. 



Dry bulb, 
60°F. 



Difference. 
6°F. 



The ** dew point " may be roughly calculated from these figures by 
assuming that it is as much below the reading of the wet-bulb ther- 
mometer as this reading is below that of the dry one, i.e. 54° — 6° 
= 48°F. 
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In order to aacertain the dew point more exactly it is necessary to 
use certain factors which have been worked out by Mr. Glaisher. 



Temperature 




Temperature 




Temperature 




of air, i.e. of 


Factor. 


of air, i.e. of 


Factor. 


of air, i.e. of 


Factor. 


dry bulb. 




dry bulb. 




dry bulb. 


1-78 


46° 


2-16 


o 

67° 


1-92 


69° 


46° 


2-14 


68° 


1-90 


70° 


1-77 


47° 


2-12 


69° 


1-89 


71° 


1-76 


48° 


2-10 


60° 


1-88 


72° 


1-75 


49° 


2-08 


61° 


1-87 


73° 


1-74 


60° 


2-06 


62° 


1-86 


74° 


1-73 


61° 


2-04 


63° 


1-85 


76° 


1-72 


62° 


2-02 


64° 


1-83 


76° 


1-71 


63° 


2-00 


66° 


1-82 


77° 


1-70 


64° 


1-98 


66° 


1-81 


78° 


1-69 


65° 


1-96 


67° 


1-80 


79° 


1-69 


66° 


1-94 


68° 


1-79 


80° 


1-68 



To obtain the dew point by means of Glaisher's tables. First find 
the difference between the two readings — wet and dry, then multiply 
the difference by the factor in the above table corresponding to the 
reading of the dry bulb, and subtract the product from the tempera- 
ture of the dry bulb. 

Example (as above). Difference = 6°F. 

Difference x Factor for 60°F. = 6 x 1*88. 

= 11-28. 
/. Dewpoint = Temperature of dry bulb — 11-28. 
= 60 - 11-28 

= 48-72°F. 

Knowing the dew point it is easy to calculate the relative humidity of 
the air. From page 10 we see that 

Relative humidity 

_ Amount of water actually present in the air , qq 

"" Amount of water that would be present if the air were saturated 

Now in the above example the water in the air is sufficient to 
saturate air at a temperature of 48-72°F. This is obvious from the 
definition of ** dew point." 

.'. Relative humidity 

_ Amount of water required to saturate 1 cu. ft. of air at 48'7 6°F. .^^ 
Amount of air required to saturate 1 cu, ft. of air at 60°F, 
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. amounts from the table on p. 10, it is found that 
i water saturate 1 cubic foot of air at 48'75°F., and 
^tiins wUl saturate 1 cubic foot of air at 60°F. 

/. Relative humidity = |^ x 100 

5-75 

- 67-8. 

2. Bamc. li Hygrometer. 

This instrument (fig. 5) consists of a bent tube with a bulb at each 
end. The lower bulb is partly filled with ether, and the remainder of 




Fig. 5. — Daniel's Htgromkter. 



the instrument contains only ether vapour, all the air having been 
expelled. The lower bulb is fitted with a thermometer, and is either 
blackened or surrounded by a bright metal ring, so that any con- 
densation of moisture may be easily perceived. 

Exp. 6. To iise JDanieVs Hygrometer, See that all the ether is 
in the lower bulb. Cover the upper bulb with muslin, and moisten 
it with ether. The ether on the muslin evaporates into the air and 
cools the upper bulb so much, that the ether vapour inside it is 
condensed. The ether in the lower bulb then evaporates in order to 
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Bupply more ether vapour in place of that which has condensed in 
the upper hulh. This in its turn is condensed, and then more 
evaporation takes place from the lower bulb, and so on. This 
evaporation causes the temperature of the lower bulb to become 
gradually lower and lower, and finally a point is reached at which 
the air round the bulb begins to deposit dew on the bright surface. 
The moment this occurs take the reading of the thermometer in the 
lower bulb. This evidently should be the dew point. To ascertain 
the dew point a little more exactly, allow the instrument to stand 
after the muslin has dried. Watch the lower bulb carefully until 
the dew just disappears from its surface ; then note the temperature 
again. Hepeat the whole experiment, and thus obtain two more 
readings of the thermometer. The mean of the four readings should 
g^ve the dew point accurately. From the dew point calculate the 
relative humidity of the air. 

3. Dines' Hygrometer. 

This is one of the best of the modem hygrometers. Fig. 6 illustrates 
the parts of this instrument. The theory of this hygrometer is 
exactly the same as with Daniel's hygrometer. A piece of thin 
blackened glass, (?, is cooled by a stream of cold water which passes 




^^ 




Fig. 6. — Bines' Htosometrb. 



under it. The temperature of the plate is registered by a thermometer, 
Tf the bulb of which is placed just under it. The thermometer is 
read through the glass covering of the groove, S, 

Exp, 7. To me Dines* Hygrometer. Fill the vessel, F, with cold 
water, turn on the tap, Ay and allow the water to flow under the 
glass plate and out at the overflow pipe, P, until there is the first 
trace of a deposit of dew on the glass plate. Then close the tap and 
note the reading of the thermometer. Now wait until the dew 
just disappears from the plate and read the thermometer again. 
Take the mean of the two temperatures and this will be the dew 
point. Calculate the rel^tiye humidity of the air. 



The Rain QiCGE. 

iitl a rain pauge. Choose a glass fimnel about 
Measure accuratdy iU dismeter and calculate 
jth of the Eunnel. Thia should be placed in the 
jar or hottle from 12 to 15 iDchea in height. 
iuaU the laeaiiiring-glais, A glass gas-jar about 
r answers very well for this. Paste a strip of white 
ide of the glass so that the graduations maj he 
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marked. You have already falculated the area ot the fnnoel, and so 
yon know the volnrae of water that would collect in the bottle 
if an inch of rain fell (refer to the ailcuIatioDS on page lb). 
Measure carefully half this quantity and pour it into the gas-jar. 
Make a mark on the paper opposite the lerel of the water. 
This mark corresponds to half an inch of rainfall. Then divide the 
paper from this mark to the bottom of the jar into !)0 equal parts, so 
that each division will correspond to -j^a of an inch. 



CHAPTEE n. 

RESPISATION AND VENTILATION. 

Bespiration. 

The respiratory apparatus consists of the lungs and of the 
air-passages which lead to them. The gills of aquatic 
'animals fulfil the same functions as the lungs of air- 
breathing animals. There is a thin membrane in both a 
lung and a gill, one surface of which is exposed to air or 
water, as the case may be, while on the other surface is a 
network of blood-vessels, — the only separation between 
the blood and the aerating medium being the thin wall of 
the blood-vessels, and the delicate membrane mentioned 
above. 

The lungs or giUs are the only medium whereby the 
blood can exchange carbon dioxide for oxygen. They are 
not, in any special degree, the seat of those metabolic 
processes whereby heat is produced, for these occur in the 
substance of the tissues in all parts of the body. 

The air on its way to the lungs passes through {a) the 
mouth or nose, (h) the pharynx, {c) the larynx, {d) the 
trachea, {e) the bronchi and their branches. 

The trachea or wind-pipe divides into two tubes called 
the bronchi — the right bronchus going to the right lung, 
and the left bronchus going to the left lung. 

^ The bronchi divide and subdivide in the substance of the 
lungs into a number of smaller and smaller branches 
called hronchial tubes. These penetrate into every part of 
the lungs and end in dilated cavities or inf undibuli. Each 
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of these has a number of pouch-like air-cells or akeoh 
opening into it. (See ^g, 8.) 

The trachea is kept open by a number of C -shaped car- 
tilage rings, having the opening behind. The branches 
have a similar structure to that of the trachea, but the 
bands of cartilage become less and less complete as the 
branches get smaller. Finally they are represented by 
scattered pieces of cartilage and entirely disappear in the 
smallest air-tubes. 

The air-cells are about -^\- of an inch in diameter, and 
they have a dose network of capillary blood-vessels sup- 




Bronehioi 
Brot\Qh\o\e 



A, Outside View. B, Section. 

Fig. 8, — Terminatiok op Bronchiole. 




Alveolus 



nrfundj- 



ported in the delicate framework of connective tissue which 
holds them together. 

The pulmonary artery brings blood to the lungs from 
the right side of the heart. This blood, having circulated 
in the capillaries of the body, and there absorbed COj with 
other waste material, has become deficient in oxygen, and 
requires re-oxygenating and purifying. 

The pulmonary artery divides into two branches, one 
going to each lung» 
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These branches enter near the bronchi and subdivide in 
the same manner that the bronchial tubes divide as men- 
tioned above. The smallest arteries give rise to the 
capillaries, which reunite, to form the pulmonary veins. 
The pulmonary veins caiTy the purified blood to the left 
side of the heart. 

The air in the air-cells is in close proximity to the blood 
in the capillaries, and an interchange of gases is effected. 
CO2 passes from the blood into the air, and oxygen passes 
from the air to the blood. 

The atmospheric air does not, to any great extent, 
penetrate beyond the bronchial tubes. The gases which 
get into the smaller air-tubes do so principally by diffusion. 
The most vigorous expiratory effort is inadequate to expel 
the alveolar air. In the air-cells the CO2 is present in 
larger, and the oxygen in smaller, proportions than in 
atmospheric air. In the intervening air-passages there is 
an intermediate condition. The oxygen diffuses downwards 
to the air-cells, and CO2 diffuses upwards. Movements due 
to diffusion are slow. They are, however, assisted here by 
the large draughts which are produced in the upper respira- 
tory tract by the respiratory movements of the chest. 



Composition of Inspired and Expired Air. 





Inspired Air. 


Expired Air. 


Oxygen. 

Nitrogen ( with argon , 

crypton, etc.). 
Carbon dioxide. 
Water vapour. 
Temperature. 
Organic matter. 


20*96 vols, per cent. 

•" M >> >> 

004 „ „ „ 
Variable. 
Variable. 


16*03 vols, per cent. 

•^ >» >j >> 

4.4 

Saturated. 
That of the body. 
Small quantities. 



The. above table shows that expired air. 

1. Contains more COa. 

2. Contains more water vapour. 
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3. Contains less oxygen. 

4. Is raised in temperature. 

5. Contains organic impurities. (These are the most 

injurious of tlie impurities produced by respira- 
tion.) 

It is found that, the greater the amount of respiratory COj 
in a room, the greater the amount of organic matter, hence 
it is customary to take the amount of CO2 present as an 
index of the amount of organic matter present, without 
measuring the organic matter directly. (See p. 16.) 



Quantity of Air breathed. 

(a) Breathing or tidal air is the quantity which is habitu- 
ally and almost uniformly changed in each act of breathing. 
It is from 20 to 30 cubic inches in a healthy adult. 

{h) Complemental air is the amount, over and above the 
tidal air, which can be drawn into the lungs in the deepest 
inspiration. This varies, but may be taken to be about 
100 cubic inches. 

(<?) Reserve or supplemental air, A forcible and deeper 
expiration may enable 100 cubic inches additional air to be 
expelled. 

\d) Residtud air. Is the quantity which still remains in 
the lungs after the most violent expiratory effort. This 
depends upon the size of the chest but may be taken to be 
about 100 cubic inches. 

The Vital Capacity of the chest is measured by the amount of air 
which can be expelled by a forcible expiration, after the deepest 
possible inspisation. 

Vital capacity = complemental air + tidal air + supplemental 
air. This depends upon 

(a) Weight, For weights of persons of the same height, from 

1 1} stones to 14 stones, it is found to diminish 1 cubic inch 

per lb. increase, 
(ft) Age. Increase between ages 15 to 35, of 5 cubic inches per year. 

Decrease from 35 to 60, of 1^ cubic inches per year. 
(e) Sex, Vital capacity of man to woman of same height is 

about 10 : 7. 
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(d) Height. Taking 5 ft. 7 in. as the standard height, with 225 
cubic inches as the vital capacity corresponding thereto, we 
have an increase of 8 cubic inches for each inch increase of 
height, and a decrease of the same amount for each inch 
below that. 

Amount of CO, breathed out. 

The number of respirations is from 14 to 18 per minute 
in a healthy adult. If we take 30 cubic inches of air 
expelled 16 times per minute we have : — 

Amount of air expelled =: (30 x 16) cu. in. per min. 

A 4. t ' 11 J 30 X 16 X 60 ,, , 

Amount of air expelled = — cu. ft. per hr. 

This contains 4 per cent of CO2, 

/. amount of CO2 expelled 

30 X 16 X 60 ^ 4 4.. I 

=.- ^p_-_ ^ X 1^0 cu. ft. perhr. 

17^0 

= 0*6 cu. ft. per hr. 

Pettenkofer ascertained by experiment that a man of 28 
years of age weighing 132 lbs. evolved 

1. At night during repose 0*56 cu. ft. of OO2 per hr. 

2. During the day with moderate exercise 0*78 cu. ft. 

per hr. 

3. During the day with hard work 1*52 cu. ft. per hr. 

Amount of fresh air required. 

It is known that ordinary air contains 0-04 per cent, of 
CO,. 

Air, with over 0*06 per cent of CO, present, is sensibly im- 
pure, while below that percentage it is not noticeably so. 
Therefore 0*06 per cent, has been taken as the amount of 
impuriiy which may be permitted without danger to health. 
This will permit each 100 cubic feet of fresh air, which 
enters a room to take up 0*02 cubic feet of CO, (in addition 
to the 0*04 cubic feet already in it) without causing the air 
to be unhealthy. 
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The quantity of fresh air required to keep a room in a 
satisfactory condition may be calculated from the above as 
follows : — 

Each person gives ofP 0*6 cu. ft. of COj per hr. 
This is mixed with the incoming air. 
100 cu. ft. of fresh air can take up 02 cu. ft. of additional 

1 cu. ft. of fresh air can take up 0*0002 cu. ft. of additional 
CO,; 

Or to mix with 0*0002 cu. ft. of CO, we require 1 cu. ft. 
of fresh air. 

0*6 
Therefore to mix with 0*6 cu. ft. of CO, we require 

^ 0*0002 
or 3000 cu. ft. of fresh air. 

E€tch person requires about 3,000 cubic feet of fresh air per 
hour, to be mixed with the air breathed out, to keep the air of a 
room in a satisfactory condition. 

If more CO, be expelled from the lungs, more fresh air is 
required. Be ChaumonVs Formula is frequently used to 
calculate the amount required. 

This formula is - =Ld, 

P 

In this e = amount (in cubic feet) of CO, exhaled by an 
individual in an hour ; p = limit of permissible respiratory 
impurity (stated per cubic foot) ; d = the required amount 
of fresh air in cubic feet per hour. 

In the above calculation d = 0*6, and the quantity re- 
quired = 3000 cu. ft. per hour. If ^ = 0*78 cu. ft. (which 
is given o£E in moderate exercise) it is calculated that 

0'78 
_- _ or 3900 cu. ft. per hour is required. 

0-0002 ^ ^ 

If tf = 1*52 cu. ft. (which is given off during hard work), 

1*52 

it is calculated that or 7600 cu. ft. of fresh air per 

0*0002 ^ 

hoiLr is required. 
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Angus Smith, found that for a horse ^ = 1*13. 

1*13 
Therefore a horse requires or 5650 cu. ft. per hour. 

^ 00002 ^ 

Animals require fresh air in proportion to their size and 
weight. 

Artificial lights, with the exception of the incandescent 
electric light, vitiate the air. (See Impurities of the Air, 
Chapter I.) 

Additional fresh air is therefore required on account of 
these impurities being added to the air. 

In mines 60 cubic feet per hour per light is allowed, but 
this is scarcely sufiicient. An ordinary gas burner requires 
two- thirds as much fresh air as an adult; incandescent 
gas-lights (Welsbach) require half as much as an adult ; 
and an ordinary paraffin lamp requires as much as an adult. 



Variation in density of air due to elevation and 
difference of temperature. 

The air envelops the earth, and is prevented from leaving 
it by the force of gravitation. The layers of air above 
press upon those below, so that the greatest pressure is 
found near the surface, while it decreases as the height is 
increased. The pressure of the air is measured by the 
height of the column of mercury, which it can support in a 
barometer tube, having a vacuum at the top. 

At the sea level, i,e, the mean between the high and low 
water level at Liverpool, the pressure is equal to about 
30 inches of mercury or 15 lbs. on each square inch. For 
moderate elevations this decreases at the rate of about 
one inch of mercury for 900 feet of ascent. This rate, how- 
ever, is not to be relied upon at g^eat elevations. 

At 2,500 ft. the pressure is -f of that at sea-level ; 
at 5,000 ft. „ „ i „ „ „ 

at 7,500 ft. ,, „ f „ ,, „ 

and at 15,000 ft. ,, ,, ^ ,, ,, „ 
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Boyle's Law, which has been proved by experiments, is 
that : — The volume of a given mass of gas varies inversely with 
the pressure to which it is subjected^ if the temperature is 
constant. 

If the pressure on a given mass of gas at a constant 
temperature is decreased, the gas will expand; if it is 
halved, the volume will be doubled, and as the given mass 
of gas will occupy twice as much space, the density will be 
decreased one-half. If the pressure is increased, the 
volume will become less, and, as more gas will be com- 
pressed in a given space, the density will be greater. 

The result of this is that the density of the air becomes 
less as greater elevations are reached. 

The physiological effects of breathing this rarefied air are : — 

1. Quickening of the pulse. 

2. Quickened respirations. 

3. Increased evaporation. 

4. Disturbance of the equilibrium between the pres- 

sure of gases in the body and the external air ; 
this occasionally causes bleeding at the nose, 
ears, and lungs, there being insufficient pressure 
on the surface to restrain the flow of blood. 

The physiological effects produced have proved to be 
beneficial in certain cases. 

The diseases benefitted by mountain air are : — 

1 . Anaemic affections of various kinds. 

2. Neuralgia. 

3. Gout. 

4. Bheumatism. 

5. Phthisis. 

The effects of breathing compressed air are opposite to those 
of breathing rarefied air and they are particularly observed 
in connection with diving-beUs, caissons, etc. 

They are as follows : — 

1. The pulse beats slower. 

2. The rate of breathing is reduced. 

AD. HYG. 3 
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3. The increased external pressure may cause pains 
in the liead. The amount of inconyenience 
experienced is minimised, however, if the 
change from air at one pressure to that at 
another is not made too suddenly. 

Variation in density due to differenoe of temperature. 

Experiment shows that if the pressure of a gas remains 
constant, it expands Tr-r of its volume at 0°0., for each in- 
crease of 1°0. in temperature ; or ^ix of its volume at 32°F. 
for each increase of PF. 

If the pressure is constant, the density of the gas is 
decreased, when the temperature is increased. 

Winds are movements of masses of air. 

They are caused by variations in the density of air, these 
being due to differences in temperature and pressure. 

The trade winds, monsoons, land and sea breezes are 
examples of winds produced by heated or lighter air 
ascending and the cooler or heavier air rushing in to take 
its place, thus restoring the equilibrium. 

The ventilation of mines is brought about by a constant 
circulation of air in the following manner : A large fire is 
kept burning at the bottom of one of the shafts, and the 
air thus heated, becoming lighter, ascends through the 
mouth, while cooler and heavier air passes down another 
shaft and rushes along from various parts of the mine to 
take the place of the ascended air. In this way, the 
vitiated air is removed and fresh air is supplied. 

VENTILATION. 

Ventilation is the removal or dilution of impurities in the 
air of buildings by means of suitably arranged inlets and 
exits, and should be carried on without producing draughts. 

A.— NATUEAL VENTILATION. 

This takes place under the action of natural forces. 
The chief causes are as follows : — 
1 . DifEusion of gases. 
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2. Winds. 

3. Difference in weight of masses of air at unequal 

temperatures. 

1. Diffusion. 

This is a property which enables gases to mix completely, 
even against gravity. If the gases are of different densi- 
ties, diffusion proceeds at different rates, which vary 
inversely as the square root of the densities. 

If the density of hydrogen is represented as 1 and that 
of oxygen as 16, then 
rate of diffusion of oxygen : rate of diffusion of hydrogen 

= ^/l : v/16 

or hydrogen diffuses four times as rapidly as oxygen. 

Diffusion, however, is scarcely rapid enough to dilute 
and remove impurities from the air of living rooms. 
. In addition, the organic matter introduced by expired 
air does not diffuse among the other constituents and 
therefore does not leave the room. 

2. Wind as a ventilating agent, may act in either of two 
ways : — 

{a) By perflation^ i.e. blowing through a room, when 
the doors and windows are open to allow a free course 
for the wind. If air travels straight through a room — 
15 feet broad — at the scarcely perceptible rate of two miles 

per hour, it will be renewed [ - v or 704 times] 

say nearly 700 times per hour. 

This is the most rapid method of changing the air of a 
room, but it is not one which can be adopted with safety, 
when the room is occupied. Bedrooms may, however, be 
flushed in this way after the inmates have risen. 

Schoolrooms may be treated in a similar manner during 
the intervals. 

Ventilation by perflation, however, cannot be depended 
upon as the sole method, for the rate of movement of the 
wind is erratic. 
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(h) By Aipiration, 

When a body of air is moving, 
lessens the pressure around it, and 
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Fig. 9.— ASPIUATINO KFFKCT OK WlNU PASSING OVKR 

A ClIIMNKY. 



use of this aspirating effect 
ventilators and Banner's cowls 
are two forms which are 
widely used. 

Boyle's Air-pump Ventilator 
has fixed openings on different 
sides. (See fig. 10.) The wind 
blowing from almost any 
direction, passes through some 
of the openings and out of 
the opposite ones. In doing 
so, air is extracted from the 
tube or air-exit over which 
the ventilator is placed. 

Banner* s Cowl sets itself, by 
means of a wind vane, so 
that the opening is always 
directed to face the wind. 



it drives the air before it, 
causes air in its vicinity to 
move towards it. 

If the wind 
blows over a chim- 
ney, or over any 
other similar air- 
exit, an up- 
draught is pro- 
duced. (See fig. 9.) 
Air is thus ex- 
tracted from a 
room and fresh 
air enters by other 
openings. 

There are a 
number of appli- 
ances for ventila- 
tion which make 
of the wind. Boyle's 




Fig. 10.— Boylk's Aia-PvMP 
Ventilator. 



(Bef erence has been made in a preceding paragraph to the 
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renewal of air of rooms by means of movements set up 
through differences of density between the external and 
internal air.) 

Openings for Ventilation. 

Special inlets as well as outlets must be provided. If 
3000 cubic feet of fresh air has to be supplied per hour for 
each person, at a rate not exceeding 5 feet per second, 
an inlet of 24 square inches must be provided. 

The amount of expansion of the air in a room depends 
upon the difference in temperature between the internal 
and external air. This expansion is usually so small, that 
it may be neglected and an exit similar to the inlet is 
required. Or for inlets, 24 square inches may be allowed, 
and 26 inches for exits, making 50 square inches of 
openings for each person. 

Outlets should he provided near the ceiling^ because the 
products of combustion and respiration, being heated, tend 
to rise. 

Ifdets should be situated somewhat lower, but care must 
be taken that they are not placed too near the outlets, 
or the air may enter and leave without improving the 
condition of the room. 

Ventilators for rooms. The chimney is the chief venti- 
lator ; it should on no account be closed when the room is 
occupied. Fresh air enters by the door, windows, or the 
numerous cracks and crevices round them, thus replacing 
the air which has left by means of the chimney. 

Special inlets and outlets. 

These may be divided into three groups : — 

1. Window ventilators, 

{a) Hinckes Bird's window-board arrangement. 

{h) Hinged upper section of the window. 

{c) Vertical holes in the middle bar of a sash window. 

{d) Double panes, with an air passage between them. 

{e) Louvre ventilators. 

(/) Cooper's ventilators. 
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2. Openings in the lower part of the walls^ with vertical 
shafts. 

Tobin's Tubes, 

3. Openings in the upper part of the walls^ or in the ceilings 
or roofs. 

Inlets [a) Sherringham valve. 

(h) Ellison's air-bricks. 

Ip) JenniDgs' air-bricks. (These are similar to 
Ellison's but have a small chamber into 
which the air is first led, and in which 
suspended matter is deposited.) 

Outlets {a) Amott's valve. 

{h) Boyle's mica-flap ventilator. 
{c) McKinnell's ventilator. 

These various appliances are illustrated by diagrams, 
and are fully described, in Chapter IV. of First Stage 
Hygiene in this series. 

Successful natural ventilation usually produces more 
pleasant results than artificial ventilation. 

The air in a building ventilated by artificial means may 
not be so fresh and pleasant as in rooms where natural 
ventilation is successfully carried out. 

B.— AETIFIOIAL VENTILATION. 

The methods adopted for artificial ventilation are gener- 
ally divided into two classes : — 

(a) Vacuum or extraction methods, whereby the air is 

drawn out of the buildings. 

(b) Plenum or propulsion methods, whereby air is 

forced into the buildings. 

The chief agencies by which ventilation is artificially 
secured are heat, steam jets, pumps, and fans or wheels. 

A. Extraction Methods. 
(1) Heat. 

The ventilation by means of the fireplace and chimney 
furnishes an illustration of the action of heat in changing 
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the air of a room. The heated air immediately over the 
fire expands, becomes relatively lighter than the air of the 
room and passes up the chimney, while fresh air takes its 
place and ascends in turn 

This principle is utilised in the ventilation of mines as described in 
an earlier paragraph. (See page 34.) 

The ventilation of the House of Commons is effected by 
means of heat. A large fire is kept burning at the foot of 
the Clock Tower, causing a powerful up-draught. Air 
enters through openings in the basement ; this is filtered 
and washed by passing through moist screens and warmed 
by steam pipes; it then passes upwards by four circular 
shafts into the space beneath the grated floor through 
which it enters the House. The vitiated air ascends 
and leaves by the openings in the ceiling. 

It enters channels or flues leading to the foot of the 
clock tower. The up-draught, produced by the fire, causes 
it to ascend the tower, whence it escapes into the open air. 
In summer the incoming air may be passed over ice. 

JehVi ay stem for ventilating 'prisons is similar in principle, but 
the fires are placed near the roof. Air enters each room 
near the ceiling, and leaves by an opening on the opposite 
side, near the floor, passing into flues which conduct it to 
the flres. 

On large steamships the extraction tubes surround the 
funnels of the vessel ; the heat of the escaping steam and 
of the products of combustion is thus made use of. As the 
air surrounding the funnels becomes heated an up-draught 
is produced, which extracts the air from the parts of the 
vessel connected with the extraction tubes. 

(2) Steam Jets. 

At some collieries, a jet of steam is allowed to pass into a 
flue or chimney. This sets in motion the air in its imme- 
diate vicinity and produces an up-draught. This method 
is suitable for the ventilation of factories having plenty of 
spare steam, provided the tubes which pass from the different 
rooms enter the flue of the chimney below the steam jet. 
It was adopted in the House of Lords but was afterwards 
abandoned. 
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(3) Pomps. 

Thoflo are used in some mines. A large vessel is moved 
up and down in a chamber which contains sufficient water 
to immerse the vessel wlien it descends and yet allow it to 
be raised entirely out of the water in ascending. The vessel, 
when raised out of the water, is filled with air from the 
chamber which communicates with the mine. In descending 
again, this air is expelled and passes into flues, which con- 
duct it to the surface. Valves prevent it returning when 
the vessel is again raised. This method was used in con- 
nection with the St. Gothard tunnel works. 

Extraction by pumps, however, is not so satisfactory as 
by moans of a fan or wheel. 

(4) Ventilating Fans. 

A fan is a wheel with several vanes attached to the 
axle, and is so arranged that, as the wheel rotates rapidly, 
air is carried along by the vanes and caused to flow along 
flues or passages. 

A fan may be fitted — 

(«) To extract air from a building ; 
(i) To carry away noxious fumes arising during manu- 
facturing processes ; 
(c) To foixje air into a building. 

B.— Ventilation by Propulsion. 

The Blackman Air Propellor is a fan which is widely used 
in the ventilation of workshops, factories, and schools. An 
electric fan (which is reproduced by permission of the 
makers) is shown in fig. 11. 

The flat form of this fan enables it to be readily placed 
in walls or partitions. One of these fans, 4 feet in 
diameter, when driven at a speed of 330 revolutions per 
minute, is said to discharge 15,000 cubic feet of air per 
minute with an expenditure of 1 h.p. 

In all cases where air is forced into rooms there is a 
great loss of energy through friction. This is enormously 
increased if there are right-angled bends in the air 
passages. 
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Care must be taken that the air is taken from a pure 
source. It may be filtered, and then warmed by passing 
over steam pipes, or it may be cooled by a water spray 
as required, before being forced into the rooms. (This 
combines heating and ventilation.) 

A gas-engine is a very suitable appliance for driving 
a fan ; or, if electric power is available, this may be 
utilised. 

The ventilation of St. George's Hall, Liverpool, furnishes 
an example of ventilation by propulsion on a large scale. 

Here there are four large fans in the bftHoment, driven 
by a 10 H.r. engine. The building is heated by passing 



the air through chambers containing coils of hot-water and 
steam pipes. After the air is warmed it is moistened by 
injecting steam, and provision is made for washing it by a 
water spray be/ore it reaches the fans. 

In the chapter on heating reference is made to a " Rtport 
on the eoit and tfficieHcy of tke Beating and Ventilation of 
Sehooh," prepared for the Dundee School Board. 
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The followlDg summary is taken by permission from 
that report : — 

MscHAMiCAL Vektelatidn. (Page 42.) 
Athaniages. 

(1) Much greater purity of air as regards all the constituents. 

(2) Efficiency of ventilation much more independent of the weather ; 

whereas with other systems, the ventilation is worst when 
most needed, 
f 3) The schools are warmer. 

(4) More equal distribution of heat and of fresh air. 

(5) Very effective in diminishing the number of micro-organisms, 

not only at the time the mechanical ventilation is in operation, 
but also for a long time after it has been stopped. 

(6) Reduces draughts to a minimum. 

In fact the mechanical system heats and ventilates far better in 
every respect than any other system, and is therefore far more con- 
ducive to health and comfort and to success in teaching and learning. 

Disadvantoffes. 

(1 ) Greater first cost. 

(2) Greater annual cost (except in the case of very large schools). 

(3) Though in towns where several schools were heated and venti- 

lated mechanically, there would not need to be more than 
one ordinary caretaker in each of such schools, yet one of 
these should be a man who had some knowledge of gas- 
engines, etc., so that he could attend to any repairs which 
might be necessary. Such a man would require a somewhat 
higher wage than an ordinary caretaker. This, however, 
would amount to very little if distributed over a number of 
schools. 

Efficiency, {Page 47.) 

{a) Gas-engines v. Water-engines. Gas-engines are much cheaper 
and more effective than water-engines for dri^^ng the fans. 

(b) Fower of gas-engine required. A 2 H.P. gas-engine is amply 
sufficient for driving a 4 -feet Blackman fan. 

(e\ Blowing in v. Exhausting the air. The former is preferable. 

(a) Inlet shafts. One large fresh-air inlet shaft is much better than 
several small ones, and the entrance te the shaft should be 
as free as possible. 

(e) Air-Jilters. 'J'hese should be made of coarse jute cloth, to 
remove soot and dirt. 

(/) Time required to change the Air of a School by Mechanical Venti- 
lation. By mechanical ventilation the whole of the air of a 
school en 1 1 be changed in less than fifteen minutes, and when 
the system is well arranged in less than ten minutes. 
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PRACTICAL WORK ON CHAPTER II. 

1. Fit an indiarubber bag on the end of a glass tube, pass the tube 
through the stopper of a bell-jar. Place the bell-jar on the plate of 
an air-pump with the rubber bag in the jar and partly filled with air. 
When air is extracted from the jar the 
rubber bag becomes inflated by air 
pressing in down the tube. 

This illustrates the inflation of the 
lungs when the chest is enlarged by 
depression of the diaphragm and by 
elevation of the ribs. 

2. Fit the indiarubber stopper of a 
bell-jar with a bent glass tube, to 
which a short length of indiarubber 
tubing is attached. Place the bell- jar 
to stand in a large basin containing 
water to the depth of several inches. 
Place a lighted taper in the jar — it burns 
as in ordinary air. Take it out and 
replace the stopper. Inhale the air 
from the jar through the tube. Water 
will rise as air is taken out and if there 
is sufficient water in the basin the jar 
will be filled with water when the whole 
of the air is extracted. Breathe the same «ir back into the bell- jar, 
causing the water to descend On testing with a taper it will be 
found that this air will not support combustion. 

3. To prove the presence of moisture in expired air, breathe on the 
surface of a cold mirror. 

4. Place some limewater in two test glasses. Blow ordinary air by 
means of a pair of bellows through the limewater in one, and breathe 
expired air through the other by means of a glass tube. The large 
amount of CO2 present in expired air will be very apparent by the 
milkiness produced. Cf. page 17. 

5. Place a little Condy's Fluid in water. Breathe through this ; 
the organic matter present in the expired air decolourises the Condy's 
Fluid. 

6. Place some smouldering brown paper in a lamp chimney. Blow 
a^'Ms the top with a pair of bellows, the lessening of pressure causes an 
up-draught which is shown by the motion of the smoke. This illustrates 
the action of the wind as a ventilating agent. 

7. Pla€e a lighted candle at the bottom of a cylinder (open at the 
top only). In a short time the candle flame is extinguished. 

Take a T-piece made of metal which will fit into the top of the 
cylinder and divide the opening into two parts. The candle on being 
relighted will continue to burn. 

The currents of air set up may be shown by means of smoke. Heated 
air passes up one side of the T-piece and fresh air down the other. 



OHAPTEE III. 
FOOD— DIETS. 

Ubcs of Food. These may be classified as follows : — 

1. To keep up the heat of the body. The food is first 
digested and assimilated, it is then oxidised and reduced 
to simpler forms in the tissues, and is finally excreted in the 
form of water, carbon dioxide, urea, and some indigestible 
matter. As a result of the chemical combination between 
the oxygen and the elements of the food, heat is produced. 

2. To produce the energy which results from chemical 
actions in which food is concerned. This energy performs the 
work of the body, which may be divided into two kinds, 
{a) internal worh^ which consists in keeping the different 
organs automatically at work, and {h) external work^ such 
as walking, running, or other muscular exertion. 

3. To repair and renew the wasted tissues, caused by 
the constant wear and tear of the body. 

4. To form new tissue in the process of growth of young 
people. 

Classification of Foods. All foods are composed of certain 
substances called /oo(j? stuffs or proximate principles. Some 
foods contain representatives from practically all the proxi- 
mate principles, while others contain one only, or mainly 
one, with veiy small quantities of one or two others. The 
ultimate constituents of foods are the chemical elements of 
which they are composed. These are chiefly carbon, 
hydrogen, oxygen, nitrogen, sulphur and phosphorus. 

Foods are classified according to their source into : — 
(1) inorganic foods, which include water and the various 
mineral salts, and (2) organic foods, i,e, those of animal or 
vegetable origin. The organic foods are further subdivided 
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into those which contain nitrogen and those which do not. 

Those containing nitrogen are called nitrogenous or proteid, 

and those with no nitrogen are called non-nitrogenous 

foods. Non-nitrogenous foods are further subdivided into 

hydrocarbons (a misnomer) or fats, carbohydrates or 

sugars and starches, and the vegetable acids. 

The following table shows clearly the division of foods 

into food stuffs. 

Food 



I I 

Inorganic Organic 



Water Mineral Salts Proteids or Non-nitrogenous 

Nitrogenous Food Foods 



Fats or Carbohydrates Vegetable 
' * Hydrocarbons . " or Sugars Acids. 

and Starch. 

Water stands second only to oxygen among the neces- 
saries of life. About 70 per cent, of the body consists of 
water. It is necessary as a food, and also helps digestion by 
dissolving the digested food. In fact the greater part of 
food can only be absorbed by the body after it is in 
solution. Water is also necessary in order to maintain the 
fluidity of the blood, which contains about 80 per cent, of 
water, and to assist in the removal of waste matters, 
especially urea, which is excreted in solution in the 
urine. 

The average person needs from 3J to 5 pints of water 
daily in order to supply the loss that is continually going 
on. About one-third of this is usually taken with the 
solid food, leaving about 3 pints of water to be drunk per 
day. In many foods the percentage of water is large, as 
shown by the following table : — 

Green vegetables 90 — 95 per cent, water. 
Milk 87 

Fish 75—80 „ „ 

Lean meat 70 — 75 „ „ 
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Potatoes 

Cheese 

Bread 

Butter 

Oatmeal 

Peas (dried) 

Rice 



75 
74 
41 
35—40 
17 
16 
13 
10 



per cent, water. 



Mineral Salts. 

These include chloride of sodium, or common salt, 
chloride of potassium, phosphates of potassium, calcium, 
and magnesium, and salts of iron. They are essential con- 
stituents of food. Thus common salt is the source of the 
hydrochloric acid present in the gastric juice of the stomach, 
and which is necessary for digestion. It is also the source 
of the sodium in bile salts, and is found in every fluid and 
tissue of the body. The calcium or lime salts are necessary 
to build up the skeleton : they are contained in most foods, 
especially milk and cheese. Phosphorus is an indis- 
pensable constituent of bone and brain, and the salts of 
iron are necessary to supply the iron present in the 
haemoglobin of the red corpuscles. 



Nitrogenous Foods or Protbids. 

Nitrogenous foods are conveniently arranged in three 
classes as follows : — 



True Proteids, 

Albumin 
Fibrin 
Globulin 
^ Syntonin 

Myosin 
^Casein 









1—4 



i 



Gluten 
§j ) Legumen 



Albuminoids, 

Gelatin 
Ossein 
Chondrin 
Keratin 



Secondary Albumins, 

Albumoses 
Peptones 
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The True Proteids. 

Albumin constitutes nearly the whole of the solids in 
the white of eggs and one-third of those in the yolk, the 
remainder being fat. The average composition of albumin 
may be taken to be — Carbon, 54 per cent. 

Hydrogen 7 „ „ 

Oxygen 22 „ „ 

Nitrogen 16 ,, ,, 

Sulphur 1 ,, ,, 

with small traces of phosphorus. The other members of 
the group of true proteids have practically the same 
composition. Albumin is, without doubt, the most im- 
portant of all the food substances. It is the essential 
constituent of that substance, called protoplasm, which is 
described as the physical basis of life. It is soluble in 
water, precipitated by alcohol, and coagulated by heat. 

I^irin, together with serum albumin and serum ^lobtdin, 
is present in blood-plasma or, speaking more accurately, 
a substance is present in blood-plasma which forms fibrin 
under certain conditions, thereby causing the blood to 
clot. 

Myosin, or muscle albumin, constitutes the bulk of 
dead muscle. It is coagulated by heat, like albumin, 
but differs from that substance by being insoluble in 
water and readily soluble in a 10 per cent, solution oj 
common salt. From this solution myosin may be obtained 
as a flocculent white precipitate by adding it to a large 
quantity of distilled water. 

Casein is the chief nitrogenous constituent of milk, 
which also contains some albumin. It is not coagulated 
by heat, but rennet (pepsin and acid) or free acids readily 
cause coagulation. 

Gluten is the nitrogenous constituent of wheat flour ; its 
elements are present in the seeds of most cereals, and, like 
albumin and myosin, it is coagulated by heat. The result, 
therefore, of cooking any food containing either of these 
three nitrogenous principles will be to coagulate the 
proteid constituent and render it insoluble in water or 
dilute acids. 
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Legumen is found in peas, beans, and lentils. It re- 
sembles casein in many respects, being coagulated by 
acetic acid or by rennet. 

The Albuminoids. These bodies contain about 18 per 
cent, of nitrogen, and so are richer in this element than 
the true proteids. They are, however, much less nutritious 
and cannot wholly replace them in a diet. All these 
bodies, gelatin, ossein, chondrin, and keratin are obtained 
from cartilage, bones, and connective tissue by prolonged 
boiling. They are easily soluble in warm water, and in 
many of their reactions they resemble the true proteids. 

The Extractives. These constitute a class of nitrogenous 
bodies about which very little is known. They are con- 
tained in meat and appear to act as stimulants to digestion, 
especially when accompanied by one or more of the 
albuminoids. Beef tea, in the form in which it is usually 
prepared, is little more than a solution of these substances, 
and owes its beneficial action to them. 

Digestion of nitrogenous foods. The proteids are at- 
tacked by the acid gastric juice in the stomach, and the 
alkaline pancreatic juice in the small intestine. The diges- 
tive ferments, pepsin and trypsin respectively, contained in 
these juices, convert the proteids into peptones, albumoses 
being an intermediate stage in the process. Peptones 
differ considerably from proteids, not being precipitated 
by boiling, or acids, or alkalies. Their most important 
property is their diffuaihilityy i.e, they are able to pass 
through a membrane from a solution rich in them to a 
solution in which they are present in small quantities only. 
As soon as the proteids are converted into peptones in the 
stomach or the small intestine they will, therefore, rapidly 
pass through the membrane lining these organs, and be 
absorbed into the blood vessels and lymphatics which lie 
on the other side. Partly digested foods, containing 
variable quantities of peptones and albumoses are often 
prepared for invalids, but their use has not given quite 
Bucn satisfactory results as were anticipated. 

Functions of nitrogenous foods. Most of the tissues and 
organs are largely composed of nitrogen. It was formerly 
thought that in performing its work every organ in the 
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body consumed a certain portion of its own substance, f>. 
every organ worked at the expense of its own material, 
liebig argued from this that nitrogenous food should be 
supplied in direct ratio to the actual work done, because 
the muscles, which do the work, are composed mainly of 
nitrogenous material. If this theory were true it should 
follow that the waste nitrogen in the form of urea should 
also be proportional to the amount of work done, but this 
has been proved not to be the case. Yoit has shown that 
the amount of waste nitrogen excreted is proportional to 
the amount taken in the food. The modern view upon 
this subject is that, in doing their work, the muscles and 
the various organs of the body consume fats and carbo- 
hydrates as fuel, forming COs and water as waste products. 
While they are at work a certain amount of their own 
material become worn out, just as the working parts of a 
steam-engine become worn by work and require renewal. 
It is the function of the nitrogenous food to renew and 
repair these worn out parts. It is important to remember 
that the quantities of proteids required for perfect health 
are practically identical for the same individual whether 
idle or at work. Of course a big, muscular, hard-working 
man will require more proteid material than a smaller man 
who leads a sedentary life, because he has larger muscles 
to keep in repair. 

Nitrogenous foods are required not only for the repair 
and renewal of old tissues but also for the formation of 
new, so that in cases where the muscles are being 
developed, as in judicious training, or in recovery after 
a long illness, an increase in nitrogenous food will be an 
advantage, but such increase should take place gradually 
as the muscles increase in bulk. 

The true proteids are practically of equal value, and so 
may replace each other in a diet. The animal proteids 
have the advantage over those of vegetable origin by being 
more easily and rapidly digested. On the other hand, 
when an excess of meat is eaten, poisonous alkaloidal sub- 
stances called ptomaines may be formed during digestion. 
Excess of nitrogenous food of any kind causes an accumu- 
lation of waste products in the l^lood ; this interferes with 
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the work of the liver and kidneys, and tends to the 
development of gout, or liver and kidney diseases. The 
wealthier classes undoubtedly eat far too much meat. 

The albuminoids cannot altogether replace the true 
proteids in a diet, but they may substitute a certain amount 
of the necessary nitrogenous food. Gelatin appears to be 
easily oxidised in the body and seems to have the power of 
preventing the excessive tissue waste that may take place 
in acute diseases. It is given in jellies or in broth or soup. 
It is probable that these substances cannot replace or 
repair the tissues, but they may prevent excessive waste. 

The proportion of proteids present in some common foods 
is: — 



Cheese 28 per cent. 

Lentils 24 

Peas 22 

Beef 21 

Mutton 18 

Fish 14 






>> >> 



Eggs 1 3 per cent. 
Oatmeal 13 
Eel 12 

Sole 12 
Bread 8 
Milk 5 






>1 ») 



Fats. 

The fats, sometimes improperly called hydrocarbons, are 
compounds of glycerine with certain organic acids, such as 
oleic, stearic, and palmitic acids. Thus, olein is the fat 
composed of oleic acid and glycerine, stearin the compound 
of stearic acid, and palmitin and butyrin the fats containing 
palmitic and butyric acids respectively. They contain no 
nitrogen, but are made up of carbon, hydrogen, and oxygen, 
the oxygen being insufficient in quantity to combine with 
all the hydrogen and form water ; or putting it in another 
way, the molecule of any of these fats contains less than 
half as many atoms of oxygen as hydrogen. Their 
formulae are rather complicated, thus : — 

Olein CaH^CCisHssOOa 
Palmitin CsHsCCjeHaiOOs 
Stearin C3H.'i(Ci8Hs802)3 
Butyrm O3H5(C4H;O03. 
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They are neutral bodies, without colour or taste when pure, 
and insoluble in water, but soluble in alcohol. When 
heated with alkalies such as potash or soda, they are 
decomposed, glycerine being set free and a soap formed 
by the combination of the fatty acid with the aliali. 

Olein is a liquid at the ordinary temperature of the air, 
but the other fata are solids. The ordinary fata in food 
contain varying proportions of stearin, palmitin, and olein, 
and their relative hardness or softness depends upon the 
relative amounts of these constituents. Bacon fat is less 
solid than beef fat, and beef fat than mutton fat, because 
it contains a larger proportion of oleic acid. Olein and 
palmitin may be obtained from plants or animals, 
stearin from animals only. 

Di^Btioa of fats. The fats are unacted upon by the 
saliva and gastric juice, 
and pass through the 
stomach unchanged. In 
the small intestine they are 
emulsified by the pancreatic 
il Veise juice and the bile. This 
emulsification simply con- 
sists in breaking up the 
fat into very tiny globules, 
vessel which remain suspended in 
the liquid and do not run 
together again. If oil is 
shaken up briskly with 
water it is broken up into 
small globules, but these 
' collect again on standing. 

^ By first adding a little car- 

~ bonate of soda to the water, 

^^„.^,....v *Msei and then shaking up with 
Fig. 13.— A Villus (Magnified). oil, a much more per- 
manent effect is produced, 
and the milky fluid thus 
obtained may be allowed to stand for some time without 
any of the oil running together again. The emulsification 
of fats by the bile and pancreatic juice is still further 
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increased hy the chemical change that the pancreatic juice 
causes the fats to undergo. It acts upon a very small 
|X>i'tion of tlie fat, and changes it into glycerine and a 
fatty acid. 

C!3H,(C„H,.0,), + 3H,0 = C3H5(OH)3 + CsH^O, 

Olein Glycerine Oleic acid. 

The fatty acid unites with the alkaline salts of sodium 
that are present and form a soap, which greatly increases 
the power of the pancreatic juice to emulsify fats. 

The inner surface of the small intestine is covered with a 
great number of tiny projections like the fingers of a glove. 
These projections are called vtllt (see fig. 13). On the out- 
side of each villus is a layer of columnar epithelium, and 
inside these are three kinds of vessels — an artery, a vein, 
and an irregular vessel or space called a lacteal. This 
lacteal is connected with a vessel running beneath the 
mucous membrane. This is called a lymphatic vessel and 
is filled with a fluid called lymph. 

The emulsified fat passes through the epithelium cover- 
ing the villi, and makes its way into the lacteals. Shortly 
after a meal, therefore, the lacteals are filled with a milky 
fluid whicli contains fine globules of fat. This milky fluid 
is called chyle. The chyle passes from the lacteal vessels 
into the lymphatic vessels, and finally enters the blood 
stream. The animal fats are more easily digested and 
absorbed than the vegetable. 

Functions of fatty foods. The fats are gradually oxidised 
to carbon dioxide and water in the tissues, and heat and 
energy are produced. The fats, besides being the chief 
source of the bodily heat and energy, serve to repair and 
renew the fatty tissues ; moreover, they seem to exert some 
beneficial infiuence upon the digestion and assimilation of 
other foods. This is possibly due to the fact that they 
promote the flow of bile and pancreatic juice. For the 
same reason the presence of fats in a diet assists the ex- 
cretory functions of the intestine. As the fats are the 
chief source of heat and energy it follows that the harder 
the work to be done and the colder the surroundings, the 
more fat is required in the diet. Practical experience has 
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caused the natives of cold countries to adopt fat and oil as 
their chief food. 

The chief foods containing fat are : — 



Butter 

Bacon 

Goose 

Pork 

Eel 

Cream 

Cheese (varies) 

Eggs 

Salmon 

Oatmeal 

Milk 

Peas 

Sole 



contains 85 per cent, fat 
73 



45 

34 

29 

27 

25 

12 

7 

6 

4 

2 

4 



ii 



Carbohydrates. 



Carbohydrates are so called because they consist of 
carbon, hydrogen, and oxygen only, and the two latter 
elements are always present in the same proportion as they 
are in water, i.e. there are two atoms of hydrogen to eveiy 
atom of oxygen. The group includes the various starches 
and sugars, cellulose and gum. They are mainly of 
vegetable origin although there is a sugar called lactose in 
milk, and the liver contains a starchy substance called 
glycogen. 

The carbohydrates are divided into three classes : — 

"1. Glucoses, common formula CeHiaOe 

2. Sucroses, „ ,, CiaHajOu 

3. Amyloses, „ „ CeHioOg. 

Glucose, or grape sugar, also called dextrose, exists in 
nature in grapes and other fruits, and in honey. It is also 
found in small quantities in the blood. It is prepaj^ed in 



54 I-OOD — DIETS. 

large quantities by boiling starch with, dilute acids, or by 
the action of malt on starch. Thus — 

GqELioOq + HgO = CeHiaOe 

Starch Glucose 

When cane sugar is boiled with dilute acids it is con- 
verted into a mixture of dextrose and laevulose. Laevulose 
is a sugar with the same formula as dextrose, but its 
solution has a different action on polarised light 

Ci2H220n + HjO = C6H12O6 + CeHiaOg 

Cane sugar Dextrose Laevulose 

This mixture of dextrose and laevulose is called " invert 
sugar." Glucose is soluble in water, and the solution is 
capable of undergoing direct fermentation when under the 
influence of yeast ; the products of the fermentation being 
alcohol and carbon dioxide 

O6H12O6 = 2C2H6O + 2CO2. 

Alcohol 

Sucrose or cane sugar is the sugar in common use. It 
exists in large quantities in the juice of the sugar cane 
and the sugar maple. A similar sugar is obtained from 
the beetroot. Sucrose is a crystalline solid, soluble in 
water, and much sweeter than glucose. Boiling with 
dilute acids converts it into dextrose and laevulose ; and a 
similar change goes on in the process of digestion. 

Two other sugars, maltose and lactose, belong to this 
group and have the same formula as cane sugar. Maltose 
is produced by the action of diastase — a ferment present 
in malt — upon starch. 

SCeHioOg + H2O = Oi2H220n. 

It is fermentable with yeast, being converted into 
carbon dioxide and alcohol. Lactose, or sugar of milk, is 
less soluble than any of the above, and is not directly 
fermentable. 

The Amyloses. The most important member of this 
group is starch. Most vegetable foods contain starch in 
the form of tiny granules which have a slightly different 
appearance according to the source, e.ff. wheat, rice, sago, 
potato, etc. In its uncooked state a starch granule is very 
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indigestible because it is enclosed in a covering of cellulose. 
When cooked, however, the cellulose coat bursts and the 

starch is set free. To make a solution 
of starch, therefore, it is necessary to 
use hot water (above 70°0.). A solu- 
tion of starch combines wiiii iodine to 
produce a beautiful blue compound, the 
formation of which constitutes a most 
reliable and. simple test for starch. 

If heated to about- 160°C. with a 
small quantity of dilute sulphuric acid 
^^■^ /z^j/t\ starch is converted into dextrin — a 
\ \ ^^Y gum-like substance — and, if the action 
\^J is carried further, into grape sugar. 

Diastase — a ferment formed in germi- 
Stakch Grains. nating grain — converts it into dextrose 

and maltose. 
Digestion of Carbohydrates. Cooked starches, gums, 
dextrin, and the various kinds of sugars are converted into 
grape sugar. This change is commenced by the saliva 
while the food is in the mouth, and is completed by the 
pancreatic juice in the small intestine. 

OfiHioOs + HoO = CeHijOe 

Starch Grape sugar 

The grape sugar, in solution in water, passes through 
the walls of the small intestine iuto the blood vessels. The 
veins from these parts are collected together into one large 
vein, called the portal vein, which enters the liver. The 
liver prepares a substance called glycogen or ** liver 
starch " from the sugar which is thus brought to it. It is 
able to re-convert this glycogen into sugar when the need 
arises, and thus keepa the amount of sugar in the blood 
practically constant. 

Uses 01 Carbohydrates. The uses of carbohydrates are 
(1) the production of heat and energy by their oxidation 
in the tissues, and (2) the formation of new fatty tissues. 
They are inferior as foods to the fats, but, owing to their 
cheapness, they form a very important part of the diet of 
the poor. The fact that they are able to directly form 
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fatty tissues seems to be proved by indisputable evidence. 
Fowls and geese are fattened for the market on foods con- 
sisting mainly of carbohydrates, and it has also been 
obm^rvod that the negroes on the sugar plantations grow 
fat during the sugar harvest. By direct experiments with 
animals it has been proved that the fat supplied in the 
food was not sufficient to account for all the fat stored up 
in the binly. 

The following table shows the percentage of starch in 
some iH)mmon fooils : — 

Tapioca ) nearly pure ' Maize meal 65 per cent. 
Sago ) starch. Oatmeal 63 



Kice 79 per ct*nt. 

Arrowroot 72 ,, ,, 
Barley flour 69 ,, „ 
Wheat flour 66 



)) )> 



Peas 59 

Wheat bread 50 
Potatoes 20 



17 >i 

11 11 
11 11 



Yeqetablb Acids. 

These acids appear to be essential to the well being of 
the body. They are converted into carbonates in the 
system which tend to preserve the alkalinity of the blood. 
They exist in fresh vegetables and fruit, and probably in 
fresn meat and milk, chiefly in combination with sodium 
and potassium. If these articles are withheld from the 
diet for a length of time the disease known as scurvy is 
produced from the general lowering of the vitality. This 
disease used to be very common among sailors on long 
voyages, but it is rarely met with now because the pro- 
vision of fresh vegetables, even potatoes, is sufficient to 
prevent its occurrence. Lime juice, which is a solution of 
citric acid and potassium citrate, entirely prevents and 
cures the disease. 

The chief vegetable acids are : — 

Malic acid, contained in apples. 

Citric acid, ,, lemons and limes, 

Tartaric acid, „ grapes, 

Oxalic acid, ,, rhubarb. 

Acetic acid, „ vinegar. 
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Infants who are fed exclusively upon condensed milk or 
preserved foods are sometimes found to be suffering from 
scurvy. The disease is usually associated with rickets, 
and is cured by feeding with fresh milk and fresh foods. 

Potential Energy in Food. 

The exact chemical changes or metabolism that food 
undergoes in the tissues of the body are still unknown, but 
the result is that the complicated molecules of which it is 
composed are broken up into simpler molecules, a change 
. accompanied by the evolution of energy. In plants the 
opposite changes are brought about, the simpler molecules 
being rearranged and built up into more complicated ones. 
By means of carefully constructed apparatus it has been 
found possible to measure the relative amounts of heat that 
are developed by burning equal quantities of various foods. 
The figures thus obtained are not of any great practical 
value because the different food stuffs have different uses 
and are not mutually replaceable ; moreover they are not 
in all cases broken down in the body in the same way as 
they are experimentally in the laboratory. The following 
are the relative numbers obtained in this way : — 



Proteids 145 

Lean beef 1 97 
Fat 378 

Milk (human) 188 



Potatoes 164 
Bread 169 

Cane Sugar 131 
Starch 138 



A certain deduction (28, about) must be allowed from 
the number representing proteid material, because the 
nitrogen is eliminated by the body in the form of urea, 
which is capable of further oxidation in the laboratory. 

DIET. 

It is obvious from the functions of nitrogenous foods 
that they are indispensable in a diet. The body would 
quickly wear away without them because no repairs to its 
vital structures would be possible. On the other hand, a 
diet consisting of proteids, salts, and water is rapidly 
destructive of healthy action, and would be equally 



A 
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unsatisfactory in the end, although the body would 
probably be able to live for a longer time. 

Proteids and some non-uitrogenous food with salts and 
water will support life indefinitely if the two are present in 
the proper proportions. Tiie similarity in the functions of 
the carbohydrates and the hydrocarbons would lead to the 
conclusion that they would be mutually replaceable in^ a 
thet, but in practice the contrary is found to be the case. 
A diet devoid of carbohydrates gives unsatisfactory results 
except under conditions of great cold or very hard work, 
while the total deprivation of fat from a diet leads quickly 
to loss of health and vigour. 

De Chaumont sums up the principles of diet as follows : — 
(1) No single nutritive principle whether nitrogenous or 
non-nitrogenous can support fife except for a very short 
time. (2) Life may be supported upon one nitrogenous 
and one non-nitrogenous principle for a long time, but for 
a permanency salts would require to be added. Thus 
proteids and fats, or proteids and starches will support life. 
(3) For the best forms of diet, both fats and carbohydrates 
are needed in addition to nitrogenous matter, and in all 
probability both starch and sugar are necessary. A due 
admixture of more than one form of nitrogenous principle 
is beneficial. 

Obviously the actual quantity of food that is necessary 
will vary greatly according to the climate, age, sex, the 
natrue and amount of the work that has to be done. Cold 
climates or additional work demand an increase in all 
kinds of food, but especially fats and carbohydrates. 
Women are said to need generally one-tenth less food than 
men ; but if such is really the case it is probably only due 
to the fact that their work is of a much lighter character. 
With regard to age, it is generally considered that a child 
of ten requires half as much, and a child of fourteen quite 
as much as a woman. Old people require less proteids 
and rather more fat than the young or middle aged. 

It is found that the average adult loses by the lungs, 
kidneys, skin, and bowels about 300 grains of nitrogen 
and about 4700 grains of carbon in 21 hours. This loss 
must be made good by the food supplied. If too much 
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nitrogen or too much carbon is supplied the diet is said to 
be wasteM or unbalanced. For example, if a man had to 
live upon bread alone, one ounce of which contains 
120 grains of carbon and 5 J grains of nitrogen, he would 
be obliged to consume about 54 ounces, in order to obtain 
the necessary amount of nitrogen, and this would contain 
about 6400 grains of carbon, or 1700 grains too much. 
Again, in one ounce of beef there are 60 grains of carbon 
and 10 grains of nitrogen. If this formed the sole article 
of diet it would be necessary to eat 78 ounces in order 
to provide 4700 grains of carbon, and this would mean 
780 grains of nitrogen, or more than twice as much as is 
necessary. By mixing the above articles of food it is 
possible to arrange a diet to contain roughly 300 grains of 
nitrogen and 4700 grains of carbon. Thus — 



32 oz. of Bread 
14 .. 3eef 



>> 



Nitrogen. 

. 176 
140 



Carbon. 

3840 
840 



Total 316 grs. 4680 grs. 

The food stuffs are found to have the following com- 
position (when dried) ; — 



One ounce (dried). 


Nitrogen. 

70 


Carbon. 


Proteids . . 
j! ats . . 
Carbohydrates (average) 


210 
335 
185 



From the above figures certain standard diets have been 
compiled. The various authorities differ somewhat as to 
the exact amounts that are necessary, and it is evident 
that no hard and fast line can be drawn for all people, 
differing as they do, in physique and activity. A standard 
diet may be defined as a theoretical allowance based upon 
the assumption that the average adult of 150 lbs. needs 
food containing 307 grains of nitrogen and 4700 grains of 
carbon. The amounts of food as stated in the table below 
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Another important use of these tables is in the calcula- 
tion of the amounts of various foods that are necessary in a 
diet. Suppose, for instance, a diet is to consist of meat, 
bread, and butter, and it is required to know how much of 
each is to be supplied. 

Let X =z the number of ounces of meat required 
2 = „ „ „ butter „ 

X oz. meat contains oz. proteids and — oz. fats, 

100 ^ 100 ' 

^ oz. bread ,, — ^oz. proteids 

and ^ oz. carbohydrates, 

100 ^ ' 

zoz. butter contains oz. fats. 

100 

Total proteids = '- + — ?- 

^ 100 100 

=: 4^ oz. for ordinary diet ... .(1) 

Total /ats = i^ + ^^J" 

100 ^100 

= 3^^ oz. for ordinary diet . . . .(2) 

Total carbohydrates = — ^ 
^ 100 

= 14 oz. for ordinary diet . . . .(3) 
From equation (3) it is evident that y = 28 oz. 
Equation (1) then becomes 

20^ , 8 X 28 __ ^ , 
Too 100 *' 

/. 20 a? + 224 = 450 

/. a: = 1 1 oz. (about). 
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Equation (2) now becomes 

3 = 850 



8x 11 

100 "^ 100 



/. % = S oz. (about). 
Therefore the diet ebould coneist of II ounces of u 
28 ouDces of bread, 3 ounces of butter, and about 3 j 
of watflr. 

Many students will probably find the solution of 
necessary equations rather beyond them, and so an a 
native method is given below. The composition of 
common foods should be learned in grains of carbon 
hydrogeu per o 



In 1 oz 


milk 


"arbou (in grains 
30 


Nilrogm ( 
3 


" I Oi 


egg 
meat 


70 
65 


10 
13 


1 oz 


butter 


315 





" 1 oz 


cheese 


160 


25 


" 1 oz 


bread 


110 


6 


" loz 


potatoes 
oatmeal 


50 
175 


1 
9 



Suppose it is required to solve the above example w 
out the use of equations. Looking out the composit 
in the table it is found that 

1 oz. meat contains 65 grs. carbon and 13 grs. nitroj 
1 oz. bread „ 110 „ „ „ 6 „ „ 

1 oz. butter „ 315 „ „ „ „ „ 



Therefore if one ounce of each were supplied in a 
there would be altogether 490 grains of carbon 
19 grains of nitrogen. 

Now it will be remembered that a diet most con 
4700 grains of carbon and about 300 grains of nitrO| 
The next thing is to alter the amounts of the three fi 
until the total number of grains of carbon is about 4 
and the nitrogen amounts to about 300. A few trials 
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generally sufEcient, and students should practice making 
up several diets in this way. 
In the above example the quantities will he foimd to be 

11 OS. meat contains 715 grs. carbon and 143 grs. nitrogen 
28 o«. bread „ 3080 „ „ „ 168 „ „ 
3 02. butter ,, 945 



>> »r^v ,, ,, ,1 X, ,, ,, 



Total 4740 311 

Bxamplet of diets. An average daily diet for a child 
between eight and fourteen years may be about 6 ounces 
of meat, 14 ounces of bread, 6 ounces of potatoes and 
9 ounces of milk, together with small quantities of butter, 
fresh vegetables, and tea or coffee. For adults a good 
diet would be 1 pound of bread, half a pound of meat, 
4 ounces of fat (or 5^ ounces of bacon), 1 lb. of potatoes, 
half a pint of milk, 4 ounces of eggs, and 2 ounces of 
cheese. Another generous diet may be made up as follows : 
— 9 ounces of meat, 18 ounces of bread, 16 ounces of 
potatoes, 16 ounces of milk, 2 ounces of butter or dripping, 
and 3 ounces of oatmeal. To each of these diets must be 
added the necessary amount of water either as such or in 
the form of tea, coffee, or other beverages. 

A mixed diet, consisting of a judicious mixture of animal 
and vegetable food, appears to afford the greatest nourish- 
ment in the least bulk, and to produce the highest intellec- 
tual and physical vigour. Variety in food is also of the 
utmost importance as sameness spoils the appetite while 
variety improves it. This fact is not sufficiently borne in 
mind in the feeding of infants, and probably many cases 
of impaired appetite and digestion may be attributed to 
the common failure to realise it. The value of several of 
the vegetable foods is not yet recognised by our working 
classes. They are not only valuable foods but also have 
the advantage of being cheap. As Parkes says, **The 
labouring man, by ringing the changes on oatmeal, maize, 
peas and beans, rice and macaroni, to which may be 
occasionally added cheese and bacon, may biing up his 
children as well nourished as those of the richest people, 
and at a small cost. Oatmeal, the most nutritious of the 
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cereal grains, and formerly the staple food of our finest 
men, Indian meal, peas and beans, and rice are far less 
used by our poorer classes than should be the case." 

Excess or deficiency of food. Taken in excess, proteids 
cause an excessive quantity of urea and uric acid to appear 
in the urine, and, unless this elimination is aided by active 
muscular exercise, enlargement of the liver, with more or 
less dyspepsia, diarrhoea, or gout, will result. If the 
powers of assimilation be still further overtaxed, unchanged 
albumin passes by the kidneys. A deficiency of proteids 
leads to loss of muscular strength, mental debility, and 
general prostration if the deprivation is sudden, whilst 
the elimination of urea is always markedly diminished. If 
a moderately insufficient amount of proteids is habitually 
taken the muscles decrease in size and the strength becomes 
less until equilibrium is restored. 

Excess of fats or carbohydrates, if digested, causes the 
accumulation of fat in the tissues, but more often fermen- 
tative changes are set up in the alimentary canal, resulting 
in biliousness, acidity, and dyspepsia. On the other hand, 
a deficiency of these foods results in general mal-nutrition. 
The absence of fat from a diet probably predisposes to such 
diseases as tubercle in children and young people, and this 
explains the striking improvement that often follows the 
administration of cod-liver oil. 

Digestibility of food. As a general rule it may be stated 
that proteids and fats of animal origin are much more 
easily digested than those obtained from vegetables. 
Carbohydrates do not differ greatly in digestibility, but 
white bread, rice, tapioca, and arrow-root are among the 
most digestible. 

Examples of Foods. 



is a liquid consisting of emulsified fat, proteids, 
salts, carbohydrates, and water, and having a specific 
gravity of 1032 (water being 1000). It is the only food 
that contains in itself the proper proportion of nitrogen and 
carbon, and is therefore called a perfect food. Practical 

AD. HYQ. 5 
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experience bears out such an inference because it is the 
sole nourishment provided for the young of the higher 
animals, and, moreover, it will maintain adults in perfect 
health for an indefinite length of time. With regard to its 
composition it is important to notice that it contains repre- 
sentatives of the four great food classes — ^proteids, fats, 
carbohydrates, and salts, as well as water. The average 
composition of cow's milk is given below, and, for the sake 
of comparison, the corresponding constituents of human 
milk are given at the same time : — 

Milk. Water. Sagar. Proteids. Fats. Salts. 

Cow's 87 4-6 4 3-8 -7 

Human 87 6-5 22 4 -3. 

It will be observed that human milk contains more sugar 
but less proteids and salts than cow's milk — whence the 
general rule of diluting the latter and adding a little sugar 
when preparing food for infants. The sugar in milk is 
called lactose, or milk sugar, and it is advantageous to use 
this kind when sweetening food for infants. When milk 
is allowed to stand, about 10 per cent, of its volume of 
cream should rise to the top. The cream consists of the 
greater part of the fat, with a small amount of the other 
constituents. The liquid left after skimming the milk is 
called skim milk, and contains casein, milk sugar, and 
salts ; it forms an excellent drink for children. By adding 
rennet or a very weak acid to milk it is separated into a 
solid called the curd, and a clear liquid called whey. The 
curd consists of coagulated casein with the fat and some 
of the sugar and salts, the whey contains lactose and salts. 
When milk is boiled the albumin is coagulated and 
collects on the top in the form of skin. At the same time 
other rather obscure changes are brought about which 
cause it to possess an altered flavour. The most important 
result of boiling milk is the destruction of all kinds of 
disease germs and ferments. 

Condensed milk should never be used for infant's food 
where it is possible to obtain cow's milk. There are two 
kinds of condensed milk, viz. : — (1) that to which cane 
sugar has been added, and (2) the unsweetened brands. In 
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preparing both the milk is concentrated by gentle boiling 
to one-fourth of its original volume. If cow's milk is 
unobtainable, the unsweetened brands should be used. 

Diseases conveyed by milk. As a vehicle of contagion 
of certain diseases it is very probable that milk is, to some 
extent, innocent of many of the charges that are brought 
against it. In our present state of knowledge, however, 
and in the present lax system of dairy inspection, it is 
certainly advisable to avoid risk by actually boiling the 
milk for three or four minutes. It seems to be proved 
that scarlet fever, foot-and-mouth disease, and possibly 
diphtheria, may be directly transmitted from the cow. In 
addition to this danger there is always the possibility of 

(1) accidental contamination from an outside source, such 
as may happen when scarlet fever or diphtheria occurs at 
the dairy or at the house of one of the work people, and 

(2) the washing of the cans with water containing the 
germs of cholera or typhoid fever, or the actual adultera- 
tion of the milk with such water. 

Sour milk is liable to cause sickness and diarrhoea in 
children, and, imder some conditions, the parasitic disease 
of the mouth known as thrush. 

In those epidemics of scarlet fever which have been 
traced to milk it is usually found that the milk has been 
infected through human agency by a previous case of the 
disease at the farm or dairy. A milk epidemic is charac- 
terised by the suddenness with which it makes its appearance, 
the sufferers being usually attacked at about the same 
time. The houses at which infection has occurred will be 
found to have received milk from the same dealer. 

It has also been proved that the milk of tuberculous cows 
may convey that disease to animals, and it seems possible 
that it may affect human beings similarly, although Koch 
has recentiy made a definite statement to the contrary. 
Still more recently De Jong of Leyden has announced, as 
a result of his experiments, that cattle form a dangerous 
source of infection to men, and that tuberculosis in cattle 
requires more rigid measures than were formerly thought 
necessary. 
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Adulterations of Milk. The specific gravity of milk is 
about 1030, being heavier than water because it contains 
various solids dissolved in it. The cream which rises to 
the top of the milk after it has stood for some hours is the 
lightest part, being lighter than water. From these two 
facts it is obvious that if water is added the specific gravity 
of the milk becomes lowered, while by removing the cream 
the specific gravity would be raised. Therefore a sample 
of milk with a specific gravity of 1030 may be raised to 
1032 by removing a sufficient quantity of its cream, and 
then reduced to 1030 again by adding water. This double 
process — the removal of cream and the addition of water — 
is the chief fraudulent manipulation to which milk is now 
subjected, and it is obvious that the specific gravity alone 
is of no value as an indication of adulteration. Thus, a 
low specific gravity may mean that the milk has been 
watered, or is very rich in cream, and a high reading shows 
that it has been skimmed or is naturally deficient in fat. 
When the total amount of solids and the percentage of fat 
are known, the specific gravity gives much information as 
to the quality of the milk, e,g, if the specific gravity is low 
and the percentage of total solids and of fat small the 
milk has probably been watered. 

The question whether a given sample of milk is adul- 
terated or not is entirely one of degree. The standard 
often adopted by analysts as a minimum is — fat 3 per. cent., 
solids (not fat) 8*5 per cent. {i»e, total solids 11*5 percent.), 
ash '62 per cent. Any milk that falls below this standard 
should be condemned, because, even though it has not been 
subjected to any manipulation whatever, it is defrauding 
the consumer. 

Another form of adulteration of milk that is becoming 
more common is the addition of preservatives such as borax, 
boracic, benzoic and salicjdic acids, and formalin. Of these, 
boracic acid is, perhaps, the commonest. The addition of 
preservations to milk shoxdd be unnecessary if it is properly 
cooled before it leaves the dairy. Such addition is undoubt- 
edly a grave offence, especially when it is considered that 
miU: is the staple article of diet for our infant population. 
Boracic acid, for instance, has been shown by continental 
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observers to deteriorate the blood corpuscles. Moreover, 
such agents may do much, harm indirectly by permitting 
other than fresh milk to be used. 

Eggs, like milk, contain everything that is required for 
the construction of the body, but they do not form such a 
perfect food because they are deficient in salts. A hen's 
egg consists of 70 per cent, of water and 30 per cent, of 
soHd matter. Of the solids, the white is mainly albumin ; 
the yolk contains fat, albumin, and phosphates. Eggs 
therefore form a very valuable article of diet, being rich 
in proteids and fat. They should never be over-cooked 
because a hard boiled egg is particularly indigestible. 
To be preserved, eggs should be coated over completely 
while they are fresh with oil, wax, or lard. A stale egg is i 

easily detected by testing whether it will float or not in a t 

solution of two ounces of common salt in a pint of water. 
A fresh egg sinks in such a liquid. 

Cheese is a food rich in nitrogenous matter. Its average 
composition may be taken to be water 36 per cent., 
proteids 33 per cent., fats 24 per cent., salts 5 per cent. 
It is prepared by adding rennet or a little acid to warm 
milk, whereby the casein is coagulated and rendered 
insoluble. The curd, consisting of casein with almost all 
the fat entangled in it, is separated from the whey by 
straining, salted, then put into moulds and dried by pres- 
sure. Cheeses differ among themselves in the proportion of 
fat that they contain. The poorest — 0.^, Dutch cheese — are 
made from skim milk, and are difficult to digest. Ched- 
dar, Cheshire, and some American cheeses, are made from 
whole milk ; to make the richest cheeses, such as Stilton, 
cream is added to the milk. If fat and ripe, cheese 
is easily digested, and forms a very valuable food. 
Toasted cheese is extremely indigestible. Cream cheese, 
which is the fresh curd moderately pressed, is easily 
digested. 

As a rule cheese is remarkably free from any adultera- 
tion. Starch may be added to increase its weight, and in 
America some cheeses are made from butter-milk, and 
then oleomargarine is added. They are equal in nutritive 
value to those made from pure milk, and are more nutritious 
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than Dutch, cheese, but they should be sold as **mai^arine 
cheese." The conventional yellow colour of some 
kinds is given by anatto which is harmless, but some- 
times the rind is found to be coloured with injurious 
pigments. 

Batter is the most easily digested, and the most valuable 
of our fatty foods. It is almost pure fat, containing : 
fat 84 per cent., proteids 1 per cent., milk-sugar 1 per 
ciBnt., water 13 per cent. The amount of water in good 
butter should not exceed 16 per cent., and the fat should 
not be below 80 per cent. It is prepared by churning 
cream, t»e, violently agitating it in a suitable apparatus. 
This causes the fat globules to coalesce and form lumps of 
fat. The butter thus formed is then pressed, to squeeze 
out some of the water, and salt is added to preserve it. 
The liquid left behind is called butter-milk, and contains 
everything in the milk except the fat. It is a valuable 
food, and should be used by the poor in country places 
much more extensively than it is. For invalids who are 
unable to digest fat, it forms an ideal diet, and is also very 
suitable for children. 

The smell and taste of good butter are familiar to most 
people, and are sufficiently characteristic to form valuable 
evidence as to its purity. The colour is variable because 
anatto is often added in order to give it a rich yellow 
appearance. Its specific gravity at 100°F. usually varies 
from 911 to 913, and very rarely falls below 910. The fat 
consists of fatty acids combined with glycerine. Some of 
these acids — palmitic, stearic, and oleic — are insoluble in 
water, while the others — principally butyric acid — are 
soluble and volatile. This fat is the essential constituent 
of butter. 

Adulterations of butter. Any water above 1 6 per cent, or 
an excess of salt should be considered an adulteration, as 
both these constituents increase the weight and decrease 
the percentage of fat. Usually, however, attention is 
directed chiefly to the detection of ** foreign fats" or 
"margarine." The presence or absence of foreign fats is 
determined by methods based upon various differences in 
chemical and physical properties between them and butter 
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fat. The most important of these difFerenoes are shown in 
the following summary : — 



Bittter-Fat, 

1. Specific gravity at 100°F. not 

below 910. 

2. Melting point 90°F. 

3. Under the microscope pure 

butter consists of a collection 
of small oil globules, with an 
occasional large one. No 
crystals are visible in a sam- 
ple that has not been melted. 

4. Completely dissolves in ether. 

5. Never contains less than 4*5 

per cent, of soluble volatile 
fatty acids, and usually con- 
tains about 6 or 7 per cent. 



Foreign Fats most often used. 

1. Specific gravity below 904. 

2. Melting point rarely above 

82°F. 

3. The large globules are more 

numerous, and the small ones 
are not so well defined. Crys- 
tals are often visible. 



4. Not so readily soluble, and a 
deposit is usually formed. 

b. Usually contains less than 
'5 per cent., and never more 
•75 per cent, of soluble vola- 
tile fatty acids. 

Margarine, oleomargarine, or butterine. The above 
table shows the chief differences between butter and these 
imitations. All imitation butters must, in this country, be 
sold " as margarine," and in the United States as ** oleo- 
margarine." They are manufactured, as a rule, from beef 
and mutton fats. The fat is freed from connective tissue, 
as far as possible, and is then finely minced by machinery. 
It is then passed into large tanks heated by water-jackets 
to about 39°C.(103°F.). The fat melts to a clear yellow 
oil, while the water and waste matter sink to the bottom, 
and a thin scum rises to the top. This is removed by 
skimming, and the clear oil is run into vessels and cooled 
down to about 30oC. The stearin solidifies at this tempe- 
rature, and is separated from the liquid part by filtering 
through cotton cloths. The liquid is then pressed, churned 
with milk to give it the flavour of butter, coloured with 
anatto, and cooled with ice. 

The average composition of margarine is : — 

Water, 12 per cent. Fats, 84 per cent. Salts, 4 per cent. 

It forms a cheap and very valuable food, and, if prepared 
from animal fats, it is as nutritious as butter, and prac- 
tically its equal as a food. It can be produced much more 
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I 

cheaply than butter, and is sometimes dishonestly sold { 

as such. The convictions obtained in these cases unfor- I 

tunately have the effect of prejudicing ignorant people I 

against margarine as a food, and prevent, to some extent | 
its general adoption by the poorer classes. 



Meat. 

The average composition of raw meat is as follows: — 
Water, 75 per cent. Proteids, 20 per cent. Fats, 5 per cent. 

The proteids consist chiefly of myosin, which coagulates 
after death, causing the so-called " rigor mortis." Meat 
also contains a fair proportion of salts, chiefly the chlorides 
and phosphates of potash. As a food it is rapidly digested 
and easily assimilated. 

Characteristics of good meat. The muscle should be 
fii-m and elastic, with a bright colour, and the fat firm, 
with a clear, yellowish-white appearance. Diseased or 
tainted meat, on the other hand, will pit when pressed by 
the finger. When pressure is applied only a small 
quantity of a clear, thin, red liquid should exude. The 
fluid squeezed from diseased meat is often mucilaginous 
or mattery-looking. The odour should be faint but 
pleasant, and there should be no smell of putrefaction or 
physic. Decomposition often is most apparent in the 
deeper parts, close to the bone, and may be detected by 
thrusting a knife deeply into the meat and smelling it as 
soon as it is withdrawn. Disease is generally indicated by 
a watery, sodden, and inelastic muscle, and the fat deficient 
or reddish-yellow and blood-stained. A measly or speckled 
appearance is also suspicious. 

Diseases from meat. If decomposed or putrid meat is 
eaten it usually gives rise to vomiting, diarrhoea, collapse, 
and even death. Game and mountain fed mutton, how- 
ever, seem to be eaten with impunity even when decom- 
position is far advanced. In some cases very severe 
symptoms of poisoning have been set up by eating food in 
which the decomposition is extremely slight, and this is 
especially the case with sausages, canned meats, and fish. 
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Theee effects are probably not produced by the slight decom- 
posltion, butbypoiBonouaalli^oidBwhichhaTe been formed 
by oert^a bacteria, and the most thorough cooking fails 
entirely to remove the danger from these poisons. The 
flesh of diseased animals is a frequent source of illness, 
although the balance of evidence appears to point to the 
fact that diseased moat from cattle, sheep, and piga may 
bo eaten with impunity if thoroughly cooked. There ia no 
reason, however, why diseased meat should be a]lowed to 
be used for human consumption, and the sale of it should 
always be condemned. The diseases of animals which are 
believed to be transmissible to man include anthrax or 
malignant pustule, tubercle, and foot and mouth disease. 
These diseases are undoubtedly more frequently trans- 
mitted to man by other means, yet it is important to bear 
in mind the possibility of such transmission by the con- 
sumption of diseased flesh. With i-egard to the flesh of 
cattle suffering from tuberculosis it is now advised that 
the diseased parts only should be destroyed in those cases 
in which the disease seems to be confined to one part of 
the body, such as the lungs, the liver, 
or one set of lymphatic glands. When 
the disease is more widely spread it is 
advisable to destroy the whole carcase. 

The milk of cows suffering from any 
febrile disease or diaease of the udder, 
especially tuberculosis, should be con- 
demned. Foot and mouth disease is di- 
rectly communicable to man by milk, and 
may fatally affect infants, but all danger is 
removed if the milk is boiled for five 
minutes. Parasitic diseases are often con- 
veyed to human beings by imperfectly 
cooked meat. In beef there may be a Kg. ii. 

parasite called cysticerciu bovls, which musci.s Fihk>». 
gives rise to a tape'worm in man. In 
^eep the commonest parasite is the livei flnke, or 
(OTWM corntu, hut it rarely affects man. "Measly" flesh 
from the pig, ox, or sheep is infected by a parasite 
called the bladder worm, which, when eaten, undergoes a 
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series of changes resulting in its conversion into a tape« > 

wonn. The flesh of the pig is, moreover, commonly affected , 

by a minute worm called trichina spiralis, which is only- 
killed by the most thorough cooking. When these ' 
organisms enter the alimentary canal of man they set up 
the dangerous and often fatal disorder known as triohin- 
iasis, a disease which is most prevalent where pork is eaten 
in the form of sausages, ham, etc., either uncooked or 
very imperfectly cooked. 

Vegetable Foods. 

These foods usually contain proteids, starch, sugar, and 
fat in varying proportions, but in most cases the starch or 
the sugar is very greatly in excess. The only vegetables 
that contain any important amount of proteids are the 
pulses — peas, beans, and lentils — which contain over 20 per 
cent., and some of the cereals — wheat, oats, barley, and 
maize — containing more than 10 per cent. The proteids 
present are mainly albumin, legumin, and gluten. 

Vegetable foods are usually divided into six classes : — 
(1) the cereals, (2) the pulses, (3) roots, (4) green vege- 
tables, (5) fruits, (6) edible fungi. 

1 . The Cereals are grass-like plants whose seeds are used 
for food ; they include wheat, oats, barley, lye, maize, and 
rice. Their relative composition is shown by the following 
table : — 





Starch. 


Proteids. 


Sugar. 


Fat. 


Wheat 


64 


15-5 


2-5 


1-5 


Oats 


50 


15 


2-5 


5 


Barley 


63-5 


11-5 


1-5 


1 


Rye 


62 


15 


4-5 


1-5 


Maize 


65 


14 


2 


3-5 


Eice 


80 


5 


•4 






From the above table it is seen that all the cereals con- 
tain a very large percentage of starch, a moderate pro- 
portion of proteids, and variable small quantities of sugar 
and fat. Maize and oats form the most perfect foods in 
this class, while rice is the least valuable. The other 
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points to be noticed are : (1) oats are exceptionally rich, in 
fat ; (2) rye is much richer in sugar- than the others ; 
(3) rice has the highest percentage of starch, but is poor 
in everything else. 

Wheat contains a large quantity of a substance which 
changes into gluten when mixed with water. This renders 
it capable of being made into a coherent dough and then 
into bread. The other cereals, with the exception of rye, 
contain too little gluten to be made into bread without 
mixing first with wheat flour. In the preparation of wheat 
flour the outside shell may be retained with the flour when 
brown bread is desired, or separated entii^ely in the form 
of bran when the flour is to be used for white bread. The 
bran undoubtedly contains a large amount of apparently 
nutritious matter, but it is doubtful whether any of it can 
be absorbed by the body. It is often useful in cases of 
constipation, but for habitual use the white bread is the 
best. A good flour should be white in colour and free 
from any smell of mould. It is occasionally adulterated 
with starch from potatoes or rice, but as these starch 
granules have a different shape when viewed under the 
microscope their detection is easy. 

Bread is made by mixing wheat flour with water, salt, 
and yeast into a consistent dough, which is allowed to rise 
in a warm room, and then baked in an oven. The usual 
proportions are — flour 20 lbs., water 8 pints, yeast 4 oz., 
salt 2 oz. There is also often added a considerable 
quantity of mashed potatoes. One hundred pounds of 
flour will yield, on an average, 140 lbs. of bread. In 
making bread, the water, which must be warm but not 
hot, should be divided into two parts, one part twice as 
large as the other. Dissolve the salt in the larger part, 
and mix the yeast with the smaller portion. Then mix 
the two together and add it gradually to the flour, 
thoroughly kneading the mass until it has formed a 
uniform consistent dough. This is allowed to stand for 
four or five hours to rise, and is then made into loaves and 
baked. The rising of bread is due to the action of the 
yeast which converts some of the starch into sugar, and 
the latter into alcohol and carbon dioxide. The coherent 
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nature of the gluten prevents the escape of the COj, which 
forms little cells in the dough. In the baking the gas 
expands and enlarges the cells, producing that spongy 
structure so characteristic of well-made bread. The 
minute quantity of alcohol that is formed escapes into 
the air. During the baking certain other changes are 
produced, including the conversion of a small part of the 
starch into sugar and dextrin. 

" Aerated bread " is now widely used. It is prepared by 
forcing carbon dioxide into the dough by pressure. It is 
undoubtedly a cleaner process, and there is no danger of 
sourness or acidity being produced, but it is claimed that 
yeast fermentation renders the bread more digestible. 
Another method of making the bread light is to add some 
form of baking powder to the flour. These usually consist 
of sodium bicarbonate and citric or tartaric acid which in 
the presence of water evolve carbon dioxide. Another plan 
is to mix the bicarbonate of soda with the flour and add 
the calculated quantity of hydrochloric acid to the water. 
Carbon dioxide is evolved when these substances meet, and 
the residue left is common salt. 

Many patent breads are now on the market under the 
names of **Hovis," ** Germ," and **Bermaline." The 
flour from which these are made differs from ordinary flour 
in containing the ** germ " or the central part of the wheat 

train. This part is discarded in the preparation of ordinaiy 
our, but for these patent flours it is specially treated to 
give it good keeping properties and then mixed with white 
flour. The result is a bread of a higher nutritive value 
than ordinary bread. 

Hygienically the most important adulteration of bread is 
alum . This is sometimes added to inferior flour, in cook- 
ing, so as to check the fermentative action whereby a large 
amount of glucose is formed, and a discoloured, unpleasant 
bread results. Alum therefore improves the taste and the 
colour of the bread, and also to some extent its porosity. 
When used, it is employed in quantities amounting to 
about 20 grains to a 4 lb. loaf. No addition of alum should 
be allowed because it may be injurious to health, and 
induce dyspepsia, constipation, etc. To detect the presence 
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of alum in bread, cut some pieces from the centre of the 
loaf, aud allow them to soak in a mixture of 30 c.c. distilled 
water, 5 c.c. strong solution of logwood, and 5 c.c. of a 15 
per cent, solution of ammonium carbonate for a few 
minutes. Then drain off the liquid and gently dry the 
bread. If alum is present the bread will show parts stained 
lavender or violet, while if there is no alum the bread will 
at first be stained pink and afterwards change to a dirty 
brown colour. 

Mashed potatoes in small amounts favour the fermenta- 
tion process, and are looked upon as a legitimate addition. 
When cheap, they are sometimes added in large quantities 
to increase the weight. Pea or bean flour is also occasion- 
ally added in sm^ quantities, but is easily detected by 
pouring boiling water over the bread or flour, which causes 
the characteristic odour of the pea or bean to be emitted. 
Rice flour is sometimes added for the purpose of giving a 
good white colour to the loaf. 

Macaroni and vermicelli are both preparations of flour 
and are rich in gluten. They form excellent foods when 
cooked with milk, and may be used as substitutes for 
meat. 

Oats contain very little gluten and so are not adapted 
for bread making. Oatmeal is, however, made into thin 
cakes by mixing into a paste with water, and then baking. 
Oatmeal is highly nutritious if well cooked, and when 
taken with milk in the form of well-cooked porridge it 
forms as cheap and as perfect a food as can be obtained. 

Barley resembles wheat in composition, but its proteids 
do not form gluten when acted upon by water. It is 
therefore not suitable for bread making. Pearl barley is 
the grain after its husk has been removed. When barley 
is allowed to germinate, or sprout, the starch of the grain 
is partly converted into grape sugar by a ferment called 
diastase, which is developed within the grain. Germinated 
barley is called malt. Extract of m^t — a treacly fluid 
obtained from malt — forms a nutritious and useful food 
for delicate children, because the diastase it contains helps 
the digestion of starch. 

Rye is used in Northern Europe for bread making. It 
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forms a heavy dark brown bread which eafiily turns sour, 
and is rather indigestible. It usually produces diarrhoea 
in those unaccustomed to it. 

Maize also is deficient in gluten and so does not make 
good bread. It is, however, highly nutritious, like oats, 
and is a valuable food when made into porridge or cakes. 
In former days the slaves of the Southern States of North 
America were fed almost exclusively upon maize, and 
appeared to flourish upon the diet. Cornflour consists 
of the starch of maize, from which the proteid has been 
removed. Hominy is a similar preparation, but it con- 
tains all the original nutriment. 

Rice is remarkably poor in proteids, fats, and salts. It 
is an important starchy food, and when well cooked is 
easily digested. Experience in the Indian famines clearly 
shows that any attempt to maintain life on rice alone is 
but slow starvation. 

2. The Pulses. The commonest of these are peas, beans, 
and lentils. They contain more than 20 per cent, of 
proteid material, chiefly legumin. They are the richest 
proteid foods except cheese, and they approach more 
nearly to perfect foods than any other vegetable. Un- 
fortunately, however, they are rather difficult of digestion, 
and are often the cause of flatulence. Lentils are the 
most nutritious, also the easiest cooked and digested. 
Beans are best eaten before the hilum, or point of attach- 
ment, has become dark-coloured, and while they cannot be 
boiled without bursting their skins. In this condition 
they are digestible and nutritious and, if combined with 
fatty foods such as bacon or melted butter, they furnish a 
complete meal. 

3. EooTS AND TuBEBS. Thoso are used chiefly for their 
starch, and to some extent on account of their salts. They 
include potatoes, carrots, parsnips, beetroots, turnips, and 
artichokes, all of which contain large quantities of starch 
and water, while beetroots, carrots, and parsnips contain 
sugar as well. Arrowroot and tapioca are nearly pure 
starches derived from the tubers of difEerent plants. 
Sago is a similar substance obtained from the pith of a 
palm, and is conveniently included in this class. 
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Potatoes are easily digested wlieii full grown and 
properly cooked. Young ones composed of immature 
cell tissue and unformed starch are indigestible and less 
nutritious. The value of potatoes lies in the starch and 
the salts — malates, tartrates, and citrates — they contain. 
The latter constituents give the potato most valuable 
antiscorbutic properties. When cooked in the usual way 
by boiling, most of these salts are lost, it is therefore 
much better to either boil them in their skins, or, better 
still to cook them by steaming. 

4. Green Vegetables contain very little nutritive 
material, and are valuable chiefly on account of their salts. 
In this group are included cabbages, cauliflowers, lettuces, 
vegetable marrows, tomatoes, etc. They give variety and 
relish to the food, and act as artiscorbutics in preventing 
scurvy — a disease that was formerly prevalent among 
sailors and those classes who were unable to obtain fresh 
vegetables or fruits. Another rather important use of 
these foods is due to the cellulose they contain. This is a 
substance resembling starch, but is indigestible : it is 
useful, however, in forming a bulk in the intestines, 
thereby stimulating their movements and preventing 
constipation. The onion, leek, shallot, etc., possess essen- 
tial oils which are useful in flavouring food. 

5. Fruits are usually rich in salts of potash and vegetable 
acids. They contain very little nutritive matter, but are 
valuable on account of their antiscorbutic properties, and 
are prized chiefly for their taste, which they owe to the 
above acids associated with more or less sugar and certain 
ethereal oils. Many of them contain a considerable 
amount of sugar, and a few — ^.^. the banana, date, and fig — 
are nutritious on account of containing starch and sugar. 
Baw fruit should only be eaten when quite ripe and per- 
fectly fresh. The best time to eat it is at breakfast or 
between meals. It then promotes evacuation of the 
bowels, acting as a mild and pleasant purgative. Lime 
juice and lemon juice contain citric acid and are valuable 
antiscorbutics. With water they form refreshing drinks, 
and are useful as antidotes for alkali poisoning. 

6. The Edible Funqi, such as mushrooms, contain about 
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91 per cent, of water and a little nitrogen. They are usually 
veiy indigestible, and are of no value as foods. 

PRACTICAL WORK ON CHAPTER III. 

I. EXPEBIMKNTS WITH ALBDMIN, ETC. 

1. Separate the white of an egg from the yolk. This may be taken 
as a sample of albumin. Make notes as to its colour, taste, and smell. 

2. Shake some of the albumin with water. It dissolves in the 
water. Dip a piece of red litmus paper into the solution. The paper 
turns blue, showing that egg-albumin is slightly alkaline. Warm 
the solution in a test tube. Note the coagulation of the albumin. 

3. Pour some albumin into a test tube (there should be sufficient in 
the tube to cover the bulb of a thermometer). Place a thermometer 
in the tube, and warm the albumin by immersing the tube in water in 
a beaker over the Bunsen flame. Notice the temperature at which 
the albumin coagulates. This should occur at about 60°C. Test 
whether the coagulated albumin will dissolve in water. It will be 
found to be insoluble. 

4. To show the presence of albumin in meat. Soak a small 
quantity of finely chopped lean meat in cold water for an hour, then 
filter the liquid and warm the clear solution in a test tube. The 

' albumin coagulates when heated. 

5. To prepare myosin from meat. Take the minced meat used in 
experiment 4. Just cover it with a 10 per cent, solution of common 
salt and gently warm it by immersing the tube or beaker in water at 
the body temperature. Shake well and allow to stand for an hour. 
Then allow the liquid to drop into a large beaker filled with distilled 
water. The myosin separates out in the form of a flocculent deposit. 

6. Digestion of proteids. {a) Get a fresh pig's stomach from the 
butcher's, cut it open, and wash it out. Next scrape ofE the inner 
coat with a blunt knife and mince it. Put it into a mortar and rub it 
with some '2 per cent, hydrochloric acid solution. Leave it in a 
warm place for two hours. Pour off the clear liquid, and put into it 
some very small fragments of hard boiled white of eggy and keep it at 
the temperature of the body. In less than an hour the white of egg 
will probablv have disappeared. It has been changed into peptone by 
the action oi the gastric juice. To a small quantity of the liquid add 
some strong caustic soda solution and one drop of a dilute solution of 
copper sulphate. A pink colour should be produced. This is a 
characteristic reaction of peptones. Instead of obtaining the pepsin 
from the pig's stomach it may be more convenient for students to use 
a small pinch of solid ** pepsin," which is obtainable from chemists. 
This should be used with the dilute hydrochloric acid, as above. 

(b) To observe the pancreatic digestion of proteids, obtain a fresh 
pig's sweetbread, chop it finely, and soak it in a 1 per cent, solution of 
sodium carbonate (or use a small quantity of pancreatic extract). 
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Pour off the clear liquid and use part of it to show that it digesti 
fragments of hard-boUed white of egg and converts it into peptone. 
Keep the other part to show its digestive action on starch. 

II.— EXPBEIMENTa WITH FATS. 

1. Emnliifieation of Fats, {a) Pour a few drops of linseed oil into 
a test tube, and add a little water (about one inch deep). Place your 
thumb over the end of the test-tube, and shake the contents 
vigorously. Note the appearance of the emulsion, and put the test 
tube in a stand for a quarter of an hour. By this time the milkiness 
will have disappeared, and the oil and the water separated again into 
two layers. This is only temporary emulslfication. 

(b) Repeat experiment (a), but this time add a pinch of carbonate 
of soda to the water before shaking up. This time the emulsification 
is much more permanent. 

2. To obtain glycerine and loap from fat. Put about two teaspoon- 
fuls of pure lard into a porcelain dish, cover it about an inch deep 
with caustic soda solution, and warm gently. The fat at first floats 
on the liquid, but slowly disappears. If necessary, add more solution 
of caustic soda to the mixture. Finally all the oil should have dis- 
appeared. Make the contents of the dish quite liquid by adding warm 
water if necessary, and then add half its volume of a saturated solution 
of common salt. A curd of soap separates and rises to the top. The 
liquid beneath conteins glycerine. 

III. Experiments with Sxjgaes. 

1. Grape Sngar. Add a little glucose to some Fehling*s solution in a 
test tube. Heat in the Bunsen flame, and 
note that a red precipitate is produced. G^r^s. I'% ^ 

2. Cane Sngar. Dissolve a teaspoonful of Xs^mK ^j 
sugar in about a teacupful of water. Add a 
little of this to some Fehling^s solution and 
warm. No result is obtoined, showing there 
is no glucose present. Put the remainder 
of the solution into a flask and add to it 
a few drops of strong sulphuric acid, and ^^K CD 
boil for about half-an-hour. Then neutra- ,^ ^. -K:-/y- 
lise the acid by adding solution of carbonate If -^^^ /r//'^ 
of soda, a little at a time until the last drop 
produced no effervescence. Test the liquid 
with Fehling*s solution and you will find that ,,.,««„ -, 
glucose « now present. ThUproc««iBlmowii ^«i„'«i^*;o"1^*|^;." 
as the *' inversion of cane sugar, and the 

sugars now in solution are ccdled ** invert sugar." 

IV. EXPEBIMENTS WITH STABCHES. 

1. Xieroioopio appearance, (a) Potato starch. Scrape the fresh 
cut surface of a potato very gentiy with a clean knife, and smear tho 
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Fig. 17.— Starch 

Qrainm rnoM 
Whkat ^x 200). 



milky liquid which collects on the knife upon the surface of a clean 

microscope slide. The smear should bo very thin and must be as 

uniform as possible. Allow it to dry. Then place 
one drop of water in the middle of the smear, and 
lower a clean coverglass carefully upon the drop. 
Examine with the low power of the microscope. 
The starch grains, which vary greatly in size, are 
composed of concentric layers surrounding a darker 
spot situated near the smaller end of the grain. 
Make another smear, dry it, and mount it this 
time in very weak, almost colourless, solution of 
iodine. On examining this with the microscope 
you will see that the grains nave stained dark bhie. 
(b) In the same way examine very thin films 
made of ordinary flour, pea flour, and oatmeal. 

Draw the grains in each case, and note the 

differences in appearance. 

2. Solubility. Shake up a small quantity 
of starch with water. A milky liquid is 
produced. Filter this and add to the clear 
nitrate a few drops of solution of iodine. 
No blue colour is produced, showing that 
none of the starch has dissolved. Start 
again, but this time heat the milky fluid 
over the Bunsen. Notice that just before 
the water begins to boil the milkiness 
disappears and gives an almost transparent 
liquio. Dilute this and add a few drops of 
iodine solution. A deep blue colour is pro- 
duced which is the test by which starch is 
always recognised. 

3. To oonvert starch to glucose. Make 
about a teacupful of thin starch solution, as 
above, and add 12 drops of strong sulphuric 

acid to it. Pour it into a 
flask or beaker and boil it for about half -an-hour. 
Then test with Fehling's solution and show that 
glucose is present in the liquid. 

4. Digestion of starch, (a) To a small quantity 
of starch solution add a little of your own saliva, 
and keep the liquid at about the body temperature 
for about half-an-hour. The liquid becomes thinner 
and more watery. Pour a small quantity into 
another test tube and add iodine solution to it. 
This time there is no blue colour formed, showing 
that the starch has disappeared. 

Taste the remaining liquid; the sweetness tells 
you that the starch has been turned into sugar, 
Show the presence of glucose by means of Fehling's solution. 




Fig. 18. — Starch Grains 
FROM Pka (X 200). 




Fig. 19.— Starch 
Grain fhox Oat 
(x200). 
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(b) Repeat the above experiment using pnacreBttc extract inBtead of 
saliva, ahow again thut thfl atarcli ia turnod into sugar. 

(e) Again repeat experiment i (o) but this time use malt extract. 
(It is not necessary to keep the liquid warm in this caae.] Show that 
the extract of malt alao cod verts starch to sugar. 

Mils. 

t. Xieroicopie appearance. Placo a drop of milk on a clean micrO' 
Bopo slide and cnretully lover a cover slip upon it. Biaminc it with 
the low and the high powiors of the microscope. Note the amall rounded 
globules of fat. 

2. Cream. Pour milk into a cream tube, which is a simple graduated 
glass cylinder, until it is fillad to the level of the on the acale. 



VJ^ 



Fin. a 



Hb- !I.— Lacioi 



Then set it aside for 12 to 24 hours, and read oft the level of the bottom 
of the layer of cream. If the layer of cream extends from the to the 
10 on the acale then the cream is 10 per cent., and so on. 

3. Bpsoifle f raTity. (a) Thie ia determined by means of the lacto- 
meter, or hy weighing a known volume of milk. The lactometer 
method is we easier. Fill the glass with milk to within an inch ot 
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the top and gently immerse the lactometer in it. There should he no 
frothing on the top, and the lactometer most he quite free from the 
sides, and at rest, when the reading is taken. The level of the milk 
should he opposite the mark corresponding to 1032 ahout. 

(b) Now determine the specific gravity of some skimmod milk. It 
will he found to he ahout 1035. 

{c) Add a small quantity of water to the skim milk, mix thoroughly 
and again take its specific gravity. It is now helow 1035. By adding 
small quantities of water at a time ohtain a mixture with the same 
specific gravity as the new milk, i.e. 1032. This experiment shows 
that the removal of cream, if balanced by the addition of water, cannot 
he detected by determining the specific gravity. 

Oonttituentf. (a) Dilute a small quantity of milk with an equal 
volume of water, and add a few drops of vinegar, or dilute acetic acid, 
until a slight precipitate is formed. Then gently warm the liquid (do 
not boil). Filter. The white solid left on the filter paper is mainly 
casein. 

{b) Boil the clear filtrate from (a). Any albumin that may be 
present will be coagulated. Filter this off. 

(c) Test the clear liquid from {b) for sugar by adding Fehling's 
solution and boiling. If sugar is present a red precipitate will be 
produced. 

5. Total Solidi. Weigh a small shallow platinum dish with a short 
glass rod in it. Measure into it 10 cubic centimeters of milk, and 
weigh again. The gain in weight gives the weight of the milk. 
Partly fill a beaker with water, put the dish on the top of the beaker, 
and boil the water. The heat from the steam causes the milk to 
evaporate. Stir it from time to time with the glass rod in order to 
break up the skin that forms on the top. When the residue appears 
dry remove the dish to a hot air oven for three hours, then place in a 
dessicator until it is cool, and then weigh. 

Example. Weight of dish + glass rod = 29-416 gimmes 

Dish + 10 c.c. milk + glass rod = 39*728 



Weight of milk = 10*312 

Again Dish + dry residue + glass rod = 30-837 

Dish + glass rod = 29*416 

1*421 



»» 
>» 
»» 



Therefore there are 1*421 grammes of solids in 10*412 grammes of 
milk, or 13*7 per cent. 

6. The Ash, or mineral matters. Place the dish containing the dry 
^sidue on a pipe-clay triangle and heat it gently with a small Bunsen 
flame. The solid blackens and smokes, but the heating must be 
continued until nothing but a clean gre^ ash is left. The glass rod 
lihould be used to stir the residue from time to time while the heating 
is going on. Towards the end it may be necessary to use a larger 
tlame. When only a grey ash remains allow the dish to cool and then 
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weigh it. Calculate the percentage amount of mineral matter present 
in the milk. 

7. The fat. A tube, closed at one end, and graduated to 50 c.c. is 
used for this estimation. Pour into the tube 10 c.c. of milk and add 
to it 10 c.c. strong hydrochloric acid. The liquid will now stand at 
the 20 c.c. mark. Flace the tube in a yessel containing sufficient 
water to cover the 20 c.c. and gradually raise the temperature of the 
water to boiling point. Let the water boil for five minutes, then 
remove the tube and allow it to cool for five minutes. Finally cool 
the tube by allowing cold water from the tap to run upon it. Now 
fill up the tube to the 50 c.c. mark with ether, cork the tube, and 
shake it for about one minute, and then set aside for 10 minutes. At 
the end of this time the ether will have formed a separate layer on the 
top of the other liquid. The ether has now dissolved the fat out of 
the milk. Head off the volume of the layer of ether, and remove 
some sample part of it, say one-third to a clean weighed dish. (There 
usually forms a brown fluny layer between the upper and lower layers. 
In residing the volume of the ether add on three-fourths of this fluffy 
layer). Place the dish in an oven at 100° C. for 10 minutes and 
weigh again. By this time the ether has evaporated and left the fat 
in the dish. 

Example. 10 c.c. of milk taken. 

Total volume of ether after shaking = 27 c.c. 
9 c.c. removed by means of a pipette into a weighed dish. 
Wt. of dish = 18-756 grammes 

Wt. of dish + fat = 18-880 „ 

•124 „ 
Therefore there are *124 grammes of fat in 9 c.c. ether 

Therefore „ „ -124 x 3 „ „ 27 „ „ 

t.^. =: -372 grammes fat in the 10 c.c. of milk, or 10*312 grammes milk, 

which is equivalent to 3*6 per cent. 



BUTTEB AND MABGABINE. 

1. Mierosoopio appearance. Make a smear of butter on a micro- 
scope slide and examine it under the miscroscope. Notice that the 
field is filled chiefly with a great number of tiny round oil globules 
wilh clearly defined edges. Amongst them are a few much larger 
ones which do not vary much in size. 

Now examine a smear of margarine in the same way. This time 
you will find that the small oil globules are much less distinct, and 
appear to be more crowded together. There is also a greater pro- 
portion of the large globules which in this case vary considerably in 
size. 

2. Freparation of Butter-fat and Margarine-fat. Nearly fill a 
small porcelain dish with butter, and place it in a warm place — in an 
oven, for example, or on a beaker in which some water is boiling — 
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until the butler ia completely melted. NoHce that there are two dis- 
tinct Jajera: an upper liiyer o( clear yellow fat, and n lower layer of 
water, suit, and some curd. Carefully 
A B imur the upiicr layer into a dried fitter 

paper folded in the usual way and 
placed in a filter funnel. Collect the 
V°i^^\ '. '; clear butlcr-fat in a clean dry wide- 

••"jVJ"'* ■-■o necked bottle, label it "butlcr-fat" 

? °'^°°°. ■° and cork it up. 

.?r«'^"°i ■■ Prepare a gnmplu 

*^o*- ". i ." of margarii 

*.°ip^.'° " BHme way. 

-■^" •> 3. The m 

o - ' Point. Fit 11 

Fig. S2.— A, UuiTBu: apparatus asB 

Vmaku.iuhe. in flg. 23. 

outer beakc 
filled with cold water and immersed in thii 
small beaker also partly filled with cold ' 
Melt the bultcr-fat liy holding the Lottie 
in hot water for a few minutea and then 
pour a few drops of the melted fat into 
cold water iil possible iced water should 
be used). The fat set« into little firm 
pellets. Press one of these pellela round 
the looped end of a platinum wire and 
fasten the wire alongside a thermometer 
BO that the loop of the wire is near the 
hulb of the thermonieter. Immeise the 
thermometer and wire in the water in the 
small beaker, and gradually raise the tem- 
perature of thu water in the outer beaker 
by means of the Bunsen flame. Continue 
heating until you Bee the fat melt, then 
notice the reading of the thermometer. 
This temperature should bo between 88° 
and 91" F. Now repeat the experiment, 
but use inarg-arine-fat instead of butter- 
fat, 'ilie temperature at which the fat 
melts this time should bo aboat80''F. 

4. The Valenta test. Pour some molted 
butter-fat into a clean dry test tube until 
the fat is one inch deep. Then pour Fig. 33. 

glacisl acetic acid into the same tube 

until it contains two inches deep of the miiture. You have now 
taken cijual volumes of butter-fHt and glacial acetic acid. Shake 
the tul>e BO sa to mix the contents, place it in some water in a beaker, 
and heat the water. While the temperature is risint; keep the 
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contents well mixed by continuous shaking. By means of a ther- 
mometer note the temperature at which the contents of the tube 
forms a cle&r solution. This should occur at about 91° F. 

Kepeat the above experiment with margarine- fat. In this case the 
mixture will have to be heated at about 200° F. 

5. Other Tests, (a) Heat some butter in a platinum dish over a 
Bunsen burner. A considerable amount of foam is produced whidi 
may run over the dish, but the boiling proceeds quietly. Margarine, 
on the other hand, produces very little foaming when, heated, but the 
process is usually accompanied by a certain amount of noisy splut- 
tering. 

{b) Place a small quantity of margarine on a platinum spatula and 
heat it in a flame. When it takes flre blow out the flame and notice 
the smell of the fumes that arises from the extinguished fat. It has 
the peculiar odour of burnt tallow. Butter should give o£E no such 
smeU when treated similarly. 

Meat. 

1. Amoimt of water. Take about one-third of an ounce of lean 
beef. Cut it into thin small slices, and arrange those evenly in a 
weighed porcelain dish. Now weigh the dish containing the meat ; 
the gain in weight will tell you the exact weight of the meat. Place 
the dish and its contents in an oven at about 220°F. for about three or 
four hours. Then allow the dish to cool in a dessicator and weigh it 
again. From the loss in weight calculate the percentage of water 
contained in lean meat. 

2. Amonnt of mineral matter. To determine this, place the dish 
containing the dried meat on a pipe-clay triangle and heat it with the 
Bunsen flame. Heat gently at flrst, but when the meat has become 
hard and black the heat must be increased. Finally a white ash is all 
that remains. Cool the dish and weigh it again. Calculate the per- 
centage of mineral matter in lean meat. 



• Floue. 

1. Its coxutituents. (a) Measure about two tablespoonfuls of flour 
into a basin, and add water, small quantities at a time, keeping the 
mass well stirred with a glass rod until a uniform dough has been 
obtained. Now tie it in a double muslin bag and gently knead it in a 
basin of water. The water soon appears milky. After kneading the 
dough for about 5 minutes pour away the nulky water into another 
Teasel and keep it for experiment. 

(b) Continue the kneading in fresh water, and renew it from time 
to time until no milkiness is produced. Eventually a sticky, 
tenacious, and elastic mass is left in the bag. This is gluten. 

{c) Place a little of the sticky substance in a test tube and warm it. 
Notice that the heat causes it to solidify. Continue the heating, 
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causing the mass to blacken, showing the presence of carbon, and to 
giye off a gas smelling like burnt feathers, which is a common 
characteristic of many substances containing nitrogen. 

(d) Take a little of the milky liquid from (a). The milkiness is due 
to the starch grains. Boil it ; this makes it clear. Test the solution 
for starch by adding one drop of iodine solution. 

(e) Filter some of the milky liquid from (0) and boil the filtrate. 
A faint precipitate is produced showing the presence of albumin. 

(/) Place a small quantity of flour in a porcelain dish over the 
Bunsen flame. It flrst turn black, but finally a grey ash is left 
behind. This is chiefly phosphate of potassium. 

2. The amount of gluten. Weigh out 10 grammes of flour into a 
dish, and proceed to obtain the gluten from it as above. Spread out 
the gluten in an even layer on the bottom of a weighed porcelain dish, 
and dry it in an oven at 215°F. for three hours. Cool the dish and 
weigh again. Calculate the percentage of gluten in the flour. 

3. Adulterations. Test for alum in a sample of bread, by the 
method described on page 77. 



CHAPTEE IV. 

ACCESSOET FOODS. 

In the classification of foods given in the previous chapter 
many substances which enter largely into an ordinary diet 
have been omitted. These additional substances — some- 
times called food accessories — may be divided into con- 
diments and beverages. They possess little or no nutritive 
value, and are useful chiefly owing to their agreeable 
taste, smell, or effect on the nervous system. The 
Germans refer to them as Genussmittel, or ''means of 
enjoyment," as compared with the real foods which are 
caUed Nahrungsmittel, or ** means of nourishment." 

Condiments. 

The condiments are substances which are added in small 
quantities to the food with the object of making it more 
tasty and palatable, thereby stimulating the secretion of 
the saliva and gastric juice, and thus aiding digestion. 
Included in this group are mustard, pepper, salt, ginger, 
nutmeg, horseradish, cloves, onions, mint, vinegar, parsley, 
lemon juice, and lime juice. Most of them owe their 
value to the aromatic oils they contain. In moderation 
these substances are very useful and serve to give variety 
to the food, but if indulged in to excess they are injurious, 
tending to produce exhaustion of the mucous membrane of 
the stomach and rendering the gastric glands insensible to 
the stimulus of plain food. The habitual use of condi- 
ments tends also to produce a catarrh of the mucous 
membrane. 

Vinegar is, or should be, dilute acetic acid. The best 
vinegars are obtained from alcoholic liquors by a process 
of fermentation, which results in their oxidation. There 
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are three varietiee of vinegar in the market — wine vinegar, 
malt vinegar, and wood vinegar ; and the amount of acetic 
acid vaiies from 3 to 6 per cent. It is often adulterated 
by Bulphuric acid, which may be detected by the addition 
of a solution of barium chloride and a few drops of nitric 
acid. If sulphuric acid is present a white precipitate of 
barium sulphate will be produced. If taken in excess 
vinegar is vei'y injurious, especially if it contains sulphuric 
acid, but in moderate doses it may serve to help digestion. 

Pickles have the same advantages and disadvantages as 
vinegar. Pickled vegetables are hard and indigestible 
of themselves, but may make appetising an otherwise 
tasteless dish. If presei-ved in tins they are liable to 
contain copper and lead from the cans or the solder. 
They should always be kept in glass or stone vessels. 

KuBtard. The pure seed would be acrid and un- 
palatable, and many adulterants are therefore employed. 
The mustard in general use consists of a mixture of brown 



Fig. 34.— Cells of Miiitabu Ssiin. 

and white mustard mixed with colouring matter, flour, and 
ground chillies. None of these adulterants are harmful. 
Turmeric may be detected by giving a brownish-red with 
ammonia, and starch by the blue colour produced with 
iodine, while the microscope readily detects starch grains, 
and cayenne pepper. The mustard seed itself contains 
no starch. 

Pepper is largely adulterated with starch and mineral 
matter. Foreiga starches and added mineral matter may 
be easily detected by the microscope. 
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Beyxbaqes. 

It is convenient to divide beverages into two divisions, 
those which contain no alcohol, or the non-alcoholic 
beverages, and those which contain alcohol, or the alcoholic 
beverages. 

Non-Alcoholic Beverages. 

These include aerated waters, tea, coffee, arid cocoa. 
Tea, cofEee, and cocoa each possess an active stimulating 
principle, the effect of which is somewhat similar in each 
case. The stimulating principle in tea is called theine^ and 
this has the same composition as the active part of coffee, 
called caffeine. In cocoa there is a similar substance called 
theobromine^ The effect of these substances in moderation 
is to quicken and strengthen respiration and the heart's 
action. They also stimulate the nervous system, and 
lessen fatigue and the desire for sleep, for which they are 
valued among brain workers. Cocoa has less stimulating 
properties than tea or coffee, its chief value being as a 
food on account of the large proportion of nutritive 
material that it contains. 

Tea, coffee, and cocoa also contain characteristic volatile 
oils which give to each its distinctive and peculiar smell. 
Tea contains, in addition, about 14 per cent, of an astrin- 
gent substance called tanninj to which are largely due its 
injurious effects when taken in excess. Coffee also con- 
tains tannin, but cocoa practically none. 

Tea consists of dried leaves of the tea-plant which grows 
in China, Japan, India, and Ceylon. Chinese teas are 
considered to be the best, because they contain less tannin 
than the other varieties. As a general rule the smaller 
the leaves are the better is the quality of the tea ; and the 
trade terms pekoe, sauchong, etc., are given to the suc- 
cessive sizes from the same plant, each being stronger and 
coarser than the preceding. 

The colour of the dried leaves depends upon the method 
of preparation. When dried over a wood iire while quite 
fresh they retain their green colour, but, in order to obtain 
a black tea, the leaves must lie in damp heaps for about 
12 hours, and are then dried slowly. Black teas are to be 
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preferred because they usually contain more theine and 
less tannin. 

The average dried tea-leaf contains : — 

Theine 3 per cent. 

Tannin 14 
Water 9 

Insoluble matter 54 
Ash 6 

It yields to the boiling water chiefly theine, tannin, and 
volatile oiL Theine stimulates the heart and respiration, 
and acts as a restorative to the nervous and muscular 
systems. Its great value lies in the fact that the stimula- 
tion produced by theine is not followed by after-depression. 
Tea has been found to be of great benefit to soldiers on 
active service, and in all cases where continuous exertion 
is required it is very greatly superior to alcohol as a 
stimiilant. If prepared badly or taken in great excess 
i); disorders digestion, and gives rise to nervousness and 
palpitation. 

Tea should be made with boiling water, and the tea-pot 
previously heated so as to prevent the water being cooled. 
It should not be allowed to stand for more than five 
minutes, and at the end of this time the infusion must be 
poured off the leaves into another pot. If tea is brewed 
for a longer time it is liable to contain excessive quantities 
of tannin, which cause it to be bitter and astringent, and 
very injurious. Soft water extracts more from the leaves 
than hard, so that when the latter is used a pinch of bicar- 
bonate of soda should be added to it. Tea should not be 
drunk too hot, and should not be taken with meat. The 
cup of tea before rising is undoubtedly inadvisable, and 
may give rise to dyspepsia. The best rule to follow is to 
take tea but once a day, and then only when a proper meal 
is taken at the same time. The Japanese powder their 
tea, and allow the infusion to stand only one minute. 
Large quantities of a preparation of this kind may be 
drunk without harm. 

Adtdterations, The extension of the tea culture in India 
and Ceylon, having lowered the price of tea, has rendered 
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addlteration less profitable and therefore less practised than 
formerly. The chief adulterations are the working up of 
used or damped leaves to resemhle fresh, the colouring or 
facing of the leaves, and the addition of those of other 
trees. The detection of used leaves, when added iu reason- 
able quantity, is almost impossible. The most reliable 
information on this poiut ie derived from the analysis of 
the ash of the leaves. Obviously the amount of soluble 
mineral matter in used tea leaves will be small, because they 
have been subjected to the action of boiling water. The 
ash of these leaves will therefore be deficient in the soluble 
constituents. Ordinary leaves yield 
about 6 per cent, of arfi, and usually 
more than 3 per cent., >'.«. more than 
half of it, is soluble in water. If 
the soluble part of the ash is less 
than half of the whole ash, it is 
probable that used leaves have been 
added. 

To detect the presence of foreign 
leaves the tea should be soaked in hot 
water. When uncurled by hot water 
the tea leaf is seen to have a char- 
acteristic ovate shape and a serrated 
margin. The chief points to notice 
are {1) that the serrations of the 
margins cease a little before the 
border joins the stalk, and (2) that 
the apex of the leaf is notched. The 
arrangement of the veins is also pig, sn.— the Tk* Litr. 
characteristic. 

The bright green tint of some teas is artificial, being 
produced by various pigments which may or may not be 
injurious. The colour of blaek tea is also often improved 
by facing, which consists in rolling the leaves with black- 
lead or plumbago. "Lie" tea consists of exhausted tea 
leaves, tea dust, and dirt of all kinds rolled up with gum 
and faced. 

Coffee is the seed or berry of a plant growing in Arabia, 
Ceylon, the West Indiea, and other tropical places. The 
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seeds are roasted until they are of a dark brown color, and 
then ground to powder. The chief constituents of the 
roasted coffee may be expressed as follows : — 

Caffeine '8 per cent. 

Caffeic acids 5*0 „ „ 

Fats and oils 14*1 ,, „ 

Legumin or albumin 11'5 „ ,, 
Insoluble matter 48*6 ,, ,, 
Ash 4-6 ,, ,, 

The infusion contains caffeine, a little tannin, and some 
volatile and aromatic oils. Its action upon the body is very 
similar to that of tea, but is more exhilarating. It 
increases the frequency of the heart's action, stimulates 
the kidneys and the skin, and removes the sensation of 
fatigue. Its stimulating and invigorating qualities are 
valuable for men undergoing exertion in all climates : in 
cold climates the heat of the infusion is useful, while the 
increased action of the skin produces a cooling effect in hot 
climates. When made chiefly with milk, and sugar added, 
it is nutritious as well as stimulating. The stimulating 
effect differs from that of alcohol in not being followed by 
depression. Like tea, it is of great value to those engaged 
in laborious occupation, and for counteracting the effects 
of exhaustion, cold, opium poisoning, etc. In excess, it 
acts injuriously on the heart and nerves, and disorders 
digestion. 

Adulteration, Chief among the adulterants is chicory, 
which is prepared from the root of the wild endive. The 
law allows chicory to be mixed with coffee provided that 
such admixture be stated. It becomes an illegal and 
fraudulent adulteration when it is added to samples which 
are sold as pure coffee. The addition of chicory is now 
generally taken for granted, and the amount added varies 
from 40 to 90 per cent. It serves to sweeten the coffee 
and to produce a darker coloured infusion than pure coffee 
gives. It is easily detected because the differences between 
it and coffee are well marked. These are : — 

{a) Roasted chicory sinks in water at once and colours 
the water rapidly, while coffee floats for some time on 
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account of its oily nature. Tlie eediment of chicory Is soft 
and pulpy, while coffee remains hard. 

(b) A 10 per oeat infusion of chicory is much blacker 
dian one made from coffee, and its specific gravity areragea 
about 1024, whQe coffee gives a 
lighter infusion with a specifi-C 
gravity of about 1009, 

(e) Under the microscope coffee 
presents the appearance shown in 
fig. 26. The portions of skin con- 
sist of long spindle cells with 
tapering extremities, and irregular 
markings, while the subBtance of 
the berry is made up of a network 
of fibres forming cells of irregular 
size and shape, containing dark 
angular masBea and oil globules. 

Chicory, on the other hand, is Fig.se.-SKiH of Cofpu. 
distinguished by long ducts with 

ladder-like transrerse markings and square extremities. 
The cells of chicory, moreover, are large and oval. 

Roasted beans, acorns, and various starches have 
occasionally been used as adulterauts. They are easily 
detected microscopically, or by adding 
iodine solution to the infusion, after 
decolourising with animal charcoal. 
Burnt sugar, or caramel has been added 
to improve the colour and taste of the 
infusion, and many other adulterants 
have been detected from time to time. 
Artificial berries occasionally get upon 
the market; they are made from a paste 
Hg, 2j._]>DCT OF of starch, coloured and flavoured with a 
Chicost. little coffee and chicory. They bear 

roasting and grinding well, but are reduced to a shape- 
less mass by steeping whole in warm water. " French 
coffee" usually contains from 60 to 75 per cent, of 
chicoiT, while " date coffee " and " malt coffee " con- 
sist of coffee mixed with ground date stones and malt 
lespoctiTely. The qualifying adjectives "French," "malt,'' 
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and so on, protect tHe vendors from prosecution under 
the Sale of Foods and Drugs Act, as these are under- 
stood to denote a mixture. 

Cocoa is the seed of a plant growing chiefly in the West 
Indies. The seeds are taken from the pod and allowed to 
undergo a kind of fermentation, during which the charac- 
teristic odour is said to be developed. Afterwards the 
seeds are roasted and deprived of their husks. They have 
the following composition : — 

Water 3*5 per cent. 

Proteids 15*5 ,, 

Fats 500 „ 

Starch 13-5 „ 

Theobromine 1*6 ,, 

Theobromine is a substance resembling theine and 
caffeine in composition and properties, so that cocoa 
resembles tea and coffee in having stimulating properties. 
It differs from tea and coffee by possessing a considerable 
amount of nutritious material. In order to disguise the 
excessive amount of fat it is usual to adulterate cocoa with 
large quantities of sugar and starch, but in the better 
cocoas the greater part of the fat is removed by heat and 
pressure. In this form cocoa may be looked upon as 
almost an ideal food, as it contains proteids, fats, and 
carbohydrates in roughly the right proportions. Prepared 
with milk and sugar it forms a highly nutritious and 
valuable stimulating beverage. 

Cocoa nibs are the seeds eimply broken up very roughly, 
while flake cocoa is the same crushed between rollers, and 
soluble cocoas are the same after the removal of the woody 
fibre. The adulterations of cocoa consist chiefly in the 
addition of starch and sugar, but the ground shells of the 
cocoa bean are sometimes added. Undoubtedly some 
legal limit to the addition of starch and sugar should be 
fixed, so that any one selling such a " prepared cocoa " as 
one containing 80 per cent, of starch should be liable to 
prosecution. No cocoa should contain less than 20 per 
cent, of fat. 

Chooolate is finely powdered cocoa — from which the 
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greater part of the fat has been removed — mixed with 
sugar, starch, and various flavouring substances. It is 
particularly liable to excessive adulteration. 

Mineral Waters may be divided into (a) the natural, 
derived from springs, the water of which contains gases, 
usually carbon dioxide, or miner9.1 salts in solution, and 
{h) the artificial, manufactured by adding small quantities 
of miaeral salts or some flavouring agent to ordinary 
water, and then aerating the solution by forcing in carbon 
dioxide under pressure. 

{a) Natural mineral waters are generally the purest. The 
waters at Tunbridge, Spa, and Cheltenham are chalybeate, 
containing iron in the form of ferrous carbonate held in 
solution by excess of carbon dioxide. At Carlsbad, Vichy, 
Malvern, and Nieder-Seltzers are alkaline waters contain- 
ing sodium carbonate and bicarbonate, and charged with 
carbon dioxide. Sulphuretted hydrogen impregnates the 
waters which are found at Harrogate and Aix-la-Chapelle. 
The aperient waters of Epsom and Leamington owe their 
action to the presence of magnesium sulphate, while those 
at Scarborough and Cheltenham have similar properties 
owing to* the sodium sulphate they contain. 

(h) Artificial aerated waters are essentially highly 
charged with carbon dioxide, and they may or may not 
contain alkaline salts or flavouring agents. ** Soda water " 
does not necessarily contain any soda, and the best kinds 
contain the least, the amount usually added being 10 
gprains to the pint. The carbon dioxide contained in these 
beverages has a stimulant efPect upon the digestive organs, 
and the mineral salts have a certain dietetic value. The 
popular prejudice against these beverages is absolutely 
nnfoimded, and is now dying away. As a result the 
manufacture * of aerated waters has enormously increased 
during the past few years. Besides their effect upon the 
digestive organs, these liquids provide a pure beverage in 
those cases where the ordinary water provided is not CLDOve 
suspicion. 

Samples of impure aerated waters are met with occasion- 
ally. These impurities may obtain access in several ways. 
(1) Impure water may be used for their manufacture. In 
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this case of course the aerated water would be almost as 
dangerous as the original supply, were it not that carbon 
dioxide under pressure is probably a poison to most micro- 
organisms. (2) The carbon dioxide may be made from 
impure materials. Lead, iron, copper, zinc, and arsenic 
have each been detected on very rare occasions in aerated 
waters. (3) Metallic poisons such as lead, copper and 
tin may be derived from the apparatus, or lead silicate 
may possibly be dissolved from the glass. For this reason 
it is advisable to prohibit the use of lead or pewter fittings 
to any part of the apparatus. As a matter of fact the 
presence of any harmful impurities in these beverages is 
very uncommon, except those made by inferior or faulty 
machines, and it is exceedingly doubtful whether any 
real danger to health from this source exists. Milk 
mixed with soda water forms an easily digested and 
nutritious drink, and is particularly useful to cyclists and 
travellers. 

Fermented Drinks. 

Fermented drinks may be defined as those liquids which 
contain the products of a process of fermentation — the most 
important product being alcohol. The term includes beers, 
wines, spirits, etc. Their common constituent is alcohol, 
and they also contain variable quantities of sugar, acids, 
salts, and aromatic oils which give to each its characteristic 
taste and smell. 

Fermentation. If yeast is added to a solution of grape 
sugar, and the temperature maintained at 60° — 70° F., the 
grape sugar is split up mainly into alcohol and carbon 
dioxide. 

CeHi^Oe = 2 CaHsOH + 2 CO^. 

The cells of the yeast plant undergo enormous multipli- 
cation during the process, and probably the conversion of 
the grape sugar into alcohol and carbon dioxide is the 
result of this multiplication. The carbon dioxide partly 
escapes into the air and part remains in the liquid ; the 
alcohol remains in the liquid. A typical fermented liquor 
is now obtained containing alcohol, carbon dioxide, and 



ACX^ESSORY FOODS. 99 

probably some unchanged sugar. By subjecting this to 
distillation a liquid would be obtained containing practically 
only alcohol and water, the alcohol being present in much 
greater proportion than in the original fermented liquid. 
Alcoholic drinks may thus be divided into two kinds — 
(fl) the fermented^ and {li) the distilled. Among the former 
are included all beers, ales, and wines, and among the 
latter are the various kinds of spirits. 

If cane sugar is used instead of grape sugar the yeast 
first of all converts the cane sugar into "invert sugar'* 
and the fermentatation then proceeds exactly as in the 
case of grape sugar. 

C,3H320,i + H2O = OeHjaOj + CsHijOa 

Cane sugar. Invert sugar. 

Or, by boiling starch with dilute sulphuric acid it is con- 
verted into maltose, which ferments readily with yeast 
and is converted into alcohol and carbon dioxide. The 
legal definition of an intoxicating beverage is one that 
contains more than two per cent, of alcohol. 

Beer should be defined as **a fermented infusion of 
malt flavoured with hops." A better definition of the 
modem beer is " the result of fermenting any sugary 
liquid and flavouring it with any bitter principle that has 
not been proved to be harmful." The preparation of beer, 
ale, stout, etc., which is practically the same in each case, 
may be divided into two stages: (1) the preparation of the 
sugary liquid, and (2) the fermentation process. 

The preparation of the sugary liquid differs according 
as to whether the beer is to be made from malt or not. 
On this account it is customary to divide beers into two 
kinds: (a) the malt beers, and (b) the non-malt beers. 
For malt beers, the barley is soaked in a cistern for about 
fifty hours, and then spread out on fioors for ten days or 
longer, during which time germination takes place, and 
the grain sprouts. If tasted now the grain will be found 
to be sweet. This is because the ferment called diastase 
has been formed in the grain, and this has the power of 
converting starch into sugar. This diastase is the active 
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part of ^' malted foods," and the value of these foods lies 
in the fact tliat diastase has the power to convert starch 
into sugar. They are useful for weakly children and for 
invalids. 

When the gei-mination has proceeded far enough, 
all further action is stopped by drying the grain 
over a kiln. It is now called malt, and is passed on to 
the brewer who, after crushing it, heats it with water up 
to about 160°F. Tliis process completes the conversion of 
the starch into sugar by the diastase, and this is dissolved 
in the hot water, forming a sugary liquid called wort. 
The wort is then boiled with hops, a process wliich impaiis 
the bitter flavour to the beer, and at the same time clears 
the wort by coagulating any albuminous matter that may 
have been dissolved from the malt. 

For non-malt beers the sugary liquid is prepared by 
converting starch or cane sugar into grape sugar or invert 
sugar in the way described above. 

For the fermentation process, tlie wort is run into 
shallow vessels, where it is cooled down to the desired 
temperature. The necessary temperature varies according 
to the kind of yeast whicli is to be used for the fermenta- 
tion. The English yeast, which floats on the top and is 
therefore called " top " yeast, works best at a tempera- 
ture of about 66°F., but for " bottom " or sedimentary 
yeast, which sinks to the bottom, and is used in Q-ermany, 
a temperature about 55°F. is preferable. When cooled to 
the necessaiy temperature the liquid is run ofE into the 
fermenting vat, yeast is added, and the fermentation 
allowed to proceed for about a week. During this time 
some of the sugar is converted into alcohol and carbon 
dioxide, but some sugar remains unaltered. 

The practical points to be noted in connection with 
brewing are : (1) that yeast works better when transferred 
from one kind of beer to another ; (2) that the amount of 
yeast required and the most advantageous temperature 
vary with the different kinds of beer ; and (3) that the 
fermentation must not be allowed to proceed so far as to 
convert the whole of the sugar into alcohol, otherwise the 
beer will not keep well. 
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as — 



The composition of beer may be expressed 



Water, about 90 per cent. 

Alcohol, 3 — 8 per cent. 

Malt extract (dextrin, sugar, etc.), 5 — 10 per cent. 

Carbon dioxide \ 

Salts f . n .... 

All • i,. / m small quantities. 

Albuminous matters ( ^ 

Acids — acetic and lactic / 

The variation in the amount of alcohol is considerable. 
As a rule the G-erman beers contain less alcohol than the 
English, especially the Bavarian beer, which contains 
only 2 per cent. German beers are also less bitter, keep 
better, and contain more carbon dioxide than ours. The 
lager beers are the strongest. 
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The variations in the colour of beers and ales are 
produced by the different degrees of charring to which the 
malt lias been subjected. The density and dark colour of 
stout and the heavier porters is obtained by the addition 
of treacle, linseed, liquorice, or sugar burned to different 
degrees of blackness. 

Attention has recently been called to the presence of 
arsenic in beer. The chief source of this is undoubtedly 
the use of impure sulphuric acid in the conversion of 
starch into glucose, or cane sugar into invert sugar. If 
beer is made from malt and hops only, there is practically 
no possibility of any appreciable quantity of arsenic getting 
into the beer. 

2'he nutritive value of beer, ale, stout, and porter, 
although higher than that of any other alcoholic drink, is 
extremely small, being practically the same as a very weak 
solution of sugar in water. The drowsiness produced by 
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these drinks is probably due to the oil of hops. The 
general effects are, of course, those produced by varying 
doses of alcohol, but, at the same time, beer seems to pro- 
duce effects peculiar to itself. If taken in excess it leads 
to the storage of superfluous fat in the tissues, and in- 
terferes with the proper elimination of waste matters. 
Eventually an excessive amount of uric acid is formed and 
plethora and gout are produced. 

Adulterations of Beer. In Bavaria the substitution of 
glucose, invert sugar, or other sugars for malt is absolutely 
prohibited, the only bitter principle that is allowed is 
hops ; and burnt malt is the only colouring agent that is 
permitted. In this country, however, there are no such 
prohibitions, and unlimited amounts of artificially prepared 
sugars are substituted for malt; hops are replaced by 
gentian, quassia, calumba, and other bitters ; and the 
desired colour is obtained by the addition of burnt sugar. 
Caramel, treacle, and liquorice are added to thicken and 
darken the complicated mixtures called stout and porter. 
Salt and alum are commonly added, both with a view to 
excite thirst and to increase the density after dilution of 
the beer with water. Sugar is also occasionallj' added to 
restore the density and to give the beer a ** head." Such 
beers are liable to undergo secondary fermentation and 
become sour and unwholesome. The amount of common 
salt should not exceed 20 grains per gallon. Other 
possible adulterations include salicylic acid which is added 
to prevent secondary fermentation, and sodium bicarbonate 
to increase the effervescing property of the liquid. 

The different preparations of beer may be represented 
by the following : — 



Bakley 

Malt 
(Starch + Diastase) 

Grape Sugar 
which is fermentable 
by yeast. 



Starch 

boiled with dilute 

sulphuric acid 

Glucose 

which is fermentable 

by yeast. 



Beer. 



Cane Sugar 

boiled with dilute 

sulphuric acid 

I 
Invert Sugar 

which is fermentable 

by yeast. 
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Wine should be defined as the fermented juice of the 
grape. In this case the fermentation is not set up by 
adding yeast to the liquid, but begins spontaneously from 
the germs present in the air or adhering to the skins 
of the grapes. Hed wines owe their colour to the colouring 
matter obtained from the skins of the dark grapes, and 
their astringency is due to the fact that the seeds, which 
contain tannin, are left in the liquid during fermentation. 
There are usually present in wine variable quantities of 
water, alcohol, carbon dioxide, ethers, colouring matter, 
TOgetable acids, tannin, salts, and sugar. Lighter wines 
— ^the Bordeaux, Burgundies, Rhine wines. Moselles, and 
Champagnes — usually contain about 10 percent, of alcohol 
by volume, while the stronger ones, port, sherry, and 
Madeira contain from 15 to 25 per cent. It has been con- 
clusively proved that the fermentation of any sugary liquid 
stops when the alcohol reaches 14 per cent., so that it is 
obvious that any alcohol above 14 per cent, must have been 
added to the wine subsequently — a process which is known 
as " fortifying " the wine. 

Wines vary also in the amount of sugar they contain. In 
some cases the whole of the sugar has been converted into 
alcohol, and the result is a " dry " wine. On the other 
hand, in other cases, a considerable quantity of sugar 
remains unconverted, giving a sweet wine. The acidity of 
wine is due to the presence of free acids, e,g. acetic, malic, 
and tartaric acids, and acid salts such as cream of tartar, 
which is acid potassium tartrate. It is usual to express 
the acidity in terms of tartaric acid, which should not 
amount to more than 1*2 per cent. 

It is possible to make true wines from other fruits than 
the grape, the gooseberry, currants, apples for instance, 
but the so-called "British wines," sold under the name of 
orange wine, ginger wine, etc., are usually simply diluted 
spirit flavoured and sweetened. Moreover, the real wines 
are subjected to so many trade processes that when they 
reach the consumer they bear but small resemblance to the 
original article. * * Fortifying ' ' has been already mentioned. 
Another process called ** plastering*' consists in the addition 
of calcium sulphate which is added to precipitate the 
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albumm and hasten the clearing of the liquid. This pro- 
cess is liable to be injurious to health, so that in France 
tiie quantity of sulphates is not allowed to exceed '2 per 
cent. 

The substances employed for the adulteration of wine 
are mostly added during the processes of fortifying and 
colouring. Ports, champagnes, and sherries are always 
fortified with brandy, ports are coloured with elder-berries, 
and sugar is added to the sweeter varieties such as cham- 
pagne. Other adulterants include water, various ethers, 
logwood, sulphate of lime, and alum. Reference has been 
already made to the addition of sulphate of lime, or plaster- 
ing. It clears the wine, and makes it look brilliant. The 
chemical result is the partial substitution of sulphates and 
sulphuric acid for tartrates and tartaric acid, a result that 
renders the wine distinctly injurious. Sherries are most 
liable to this form of adulteration. Ports and sherries are 
largely made from potato spirit and cider, while cham- 
pagnes often contain no grape juice whatever, being 
manufactured from rhubarb, apples, and other fruits. 

The nutritive value of wine is extremely small, and is 
due solely to the variable quantity of sugar that it contains 
Its effects are due to the alcohol that is present. Port and 
sherry predispose to gout, and should never be indulged 
in by any who have inlierited tendencies to this disease. 
. Spirits are obtained by distilling various fermented 
liquids. All coutain alcohol as their essential ingredient, 
together with varying quantities of water, fusel oil and 
aromatic bodies which give to each its characteristic taste 
and smell. In every case distilled spirits are colourless 
when first made, the distinguishing tints being purely 
conventional, and produced by the addition of more or less 
burnt sugar. 

Brandy was originally manufactured by the distillation 
of wine, and is still so prepared in some parts of France, 
where it is sold as Ooguac. The greater part of the 
brandy in the market is obtained by distilling fermented 
malt or potatoes. It contains from 45 to 60 per cent, of 
alcohol. 

WhMy is prepared by distilling a fermented infusion 
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of malted grain. The inferior varieties are obtained from 
oats, barley, rye, or potatoes, roughly distilled and burnt 
in order to give it the desired smoky flavour. It contains 
about the same amount of alcohol as brandy. 

^um is the distillate from fermented molasses. Like 
brandy, it is artifically coloured with burnt sugar. It 
usually contains between 50 and 60 per cent, of alcohol. 

6rin is usually obtained by the distillation of fermented 
infusions of malt and barley, with the addition of oil of 
juniper, orange peel, oil of turpentine, and other aromatic 
substances. The juniper and turpentine act as direct 
stimulants of the kidneys. 

Proof Spirit. This term arose from the old way of 
pouring the spirit over gunpowder, and setting fire to the 
liquid. If the spirit burned without igniting the powder 
it was "under proof," and the weakest spirit that was 
capable of firing the powder was called "proof spirit." 
The term " proof spirit " as now used implies a solution of 
alcohol in water, containing 57-05 per cent., by volume, of 
absolute alcohol. Its specific gravity at 60° F. is 919-8. 
Stronger solutions than this are " over proof," and weaker 
solutions are ** under proof." Thus, a sample of spirit is 
said to be 10 degrees over proof when 100 parts of it 
contain as much alcohol as 1 1 parts of proof spirit ; while 
it would be 10 degrees under proof if 100 parts of it con- 
tain as much alcohol as 90 parts of proof spirit. Brandy, 
whisky, and rum are allowed to be as many as 25 degrees 
under proof, the percentage of absolute alcohol in this 
case being 42-8. - &in may be 35 degrees under proof, and 
contain only 37*1 per cent, of absolute alcohol. 

Effects of Alcohol. When alcohol is swallowed, it passes 
unchanged through the lining membrane of the stomach 
and reaches the blood. The following efEects are then 
produced : — ( 1 ) The vessels of the stomach are dilated, and 
the flow of gastric juice is augmented for a time. (2) The 
force and frequency of the heart are increased. Respira- 
tion is similarly adffected ; in fact, all the organs of the 
body may be said to be stimulated by alcohol. (3) The 
nerves to the blood vessels in the skin are paralysed, 
causing the vessels to dilate and producing the flushing of 
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the skin. This gives the sensation of warmth and is the 
basis of the old tradition that alcohol wanns the body and 
therefore should be taken when the body is about to be 
exposed to severe cold. This is a most dangerous fallacy, 
and has undoubtedly been the cause of many deaths from 
exposure. (4) As a matter of fact, alcoliol actually lowers 
the temperature of the body, an effect which is caused to 
some extent by the dilation of the blood vessels just 
beneath the skin, which increases the loss of heat. (5) 
The brain is partly anaesthetised ; the rapidity of external 
impressions, the discrimination of the senses, and the 
power of concentrated thought are lessened. The capacity 
for sustained muscular exertion is also decreased. (6) The 
amount of water and the acidity of the urine are somewhat 
increased. 

Taken in excess, alcohol speedily passes out of the body 
in an unaltered condition, chiefly by the lungs and the 
breath, but also in small quantities by the skin, the urine, 
and the bowels. In small quantities alcohol probably 
becomes oxidised by the body, leading to the production 
of a small amount of heat and energy. The long-continued 
immoderate use of alcohol leads to degenerative changes, 
particularly in the stomach and liver, and also, at a later 
period, in the blood-vessels, the kidneys, lungs, and brain, 
thereby increasing the tendency to gout, Briglit's disease, 
and insanity. Its effect in shortening life is now uni- 
versally recognised, and the evidence of statistics on this 
point is overwhelming. As a rule the rate of mortality 
among the intemperate may be stated to be between four 
and five times greater than that of the strictly temperate 
of the same age and in the same class of life. 

There can be no doubt whatever that a person can do 
quite as hard or hainier work without alcohol as with it. 
It is a matter of experience that soldiers on the march, in 
all climates, can endure more fatigue, are healthier, and 
flght better without alcoholic stimulants than with them. 
The infinite amount of sufEering caused by alcohol is 
a matter of common knowledge. About three-quarters 
of the people in workhouses are there, directly or in- 
directly, owiug to alcohol; at least half the crime in 
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the country is caused by it, and about one-third of the 
insanity. 

For all practical purposes alcohol is valueless as a food. 
Its value, when used by a scientific medical man, depends 
upon its physiological effects. In strictly moderate doses, 
however, alcohol does not produce any immediate obvious 
ill-effect, and is claimed by some to aid digestion and 
assimilation. By a moderate dose is meant between one 
and one-and-a-half ounces of pure alcohol a day. This 
amount of alcohol is contained in about one pint of 
beer, less than half-a-pint of claret, or three ounces of 
spirit. 

The recent international manifesto issued jointly by the 
British Medical Temperance Association, the American 
Medical Temperance Association, and the Association of 
German-speaking Medical Men, presents the case against 
alcohol in a clear and concise fashion. As these associa- 
tions are composed solely ' of medical men, the views 
embodied in the manifesto should produce a greater effect 
upon the public than the mere opinion of unqualified 
persons. The document declares that in view of the 
terrible evils that have resulted from the consumption of 
alcohol, evils which in many parts of the world are rapidly 
increasing, the signatories feel it to be their duty to speak 
plainly of the nature of alcohol, and of the injury to the 
individual and the danger to the community which arises 
from the prevalent use of intoxicating liquors ns beverages. 
They think it ought to be known by all that : — 

1. Experiments have demonstrated that even a small 
quantity of alcohol, either immediately or after a short 
time, prevents perfect mental action and interferes with 
the functions of the cells and tissues of the body, im- 
pairing self-control by producing progressive paralysis of 
the judgment of the will ; and having other markedly 
injurious effects. Hence alcohol must be regarded as a 
poison, and ought not to be classed among foods. 

2. Observation establishes the fact that a moderate use 
of alcoholic liquors, continued over a number of years, 
produces a gradual deterioration of the tissues of the body 
and hastens the changes which old age brings, thus 
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increasiog the average liabilitj to disease (especially to 
infectious disease), and shortening the duration of life. 

3. Total abstainers, other conditions being similar, can 
perform more work, possess greater powers of endurance, 
nave on the ayerage less sickness, and i-ecoyer more quickly 
than non-abstainers, especially from infectious disease, 
whilst they altogether escape diseases specially caused by 
alcohol. 

4. All the bodily functions of man, as of every other 
animal, are best performed in the absence of alcohol, and 
any supposed experience to the contrary is founded on 
delusion, a result of the action of alcohol on the nerve 
centres. 

5. Further, alcohol tends to produce in the offspring of 
drinkers an unstable nervous system, lowering them 
mentally, morally, and physically. Thus deterioration of 
the race threatens us, and this is likely to be greatly 
accelerated by the alarming increase of drinking among 
women, who have hitherto been little addicted to this 
vice. Since the mothers of the coming generation are 
thus involved, the importance and danger of this increase 
cannot be exaggerated. 

In conclusion, the manifesto states that, as the common 
use of alcoholic beverages is always and everywhere 
followed, sooner or later, by moral, physical, and social 
results of a most serious and threatening character, and 
that it is the cause, direct or indirect, of a very large 
proportion of the poverty, suffering, vice, crime, lunacy, 
disease, and deatli, not only in the case of those who take 
such beverages but in the case of others who are un- 
avoidably associated with them, the signatories feel 
compelled to urge the general adoption of total abstinence 
from all intoxicating liquors as beverages, as the surest, 
simplest, and quickest methods of removing the evils which 
necessarily result from their use. 
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PRACTICAL WORK ON CHAPTER IV. 

J. VlNEGAB. 

1. Pour fiome wine or beer into a beaker and leave it exposed to the 
air for a few days. The liquid gradually develops a sour taste and 
will turn bine litmus paper red, showing that an aeid has been pro- 
duced. 

2. Obtain some vinegar, note its colour, taste, and smell. Tost its 
reaction with litmus paper. 

3. To estimate the acidity of vinegar. Take 25 c.c. of vinegar, 
dilute it with distilled water until its volume is exactly 250 c.c. Take 
25 c.c. of this liquid, add a few drops of phenolphthalein as an indioitor, 
and run in a decinormal solution of soda, i.e. a solution containing 
4 grammes of caustic soda per litre, until the last drop produces the 
characteristic colour with the plenolphthalein. The number of c.c. 
of soda required x '006 x 100 = percentage of acetic acid in the 
vinegar. 

4. To test for snlphnric acid in vinegar. To a small quantity of 
vinegar in a test tube add a few drops of nitric acid and then some 
solution of barium chloride. If a precipitate is produced, the presence 
of sulphuric acid is shown. 

. II. MUSTAED. 

1. Test for turmeric by adding a little ammonium hydrate solution 
to some mustard. If the yellow colour changes to a brownish-red the 
presence of turmeric is proved. 

2. Mix a little mustard with water, and then add several times its 
bulk of boiling water. Then add one drop of solution of iodine. A 
blue colour shows the presence of starch. 

III. Peppee. 

Pour a small quantity of pepper into a dry test tube and then add 
sufficient strong hydrochloric acid to cover it well. If the sample is 
pnre pepper it acquires an intense yellow colour, and most of the 
adulterations can easily be detected by remaining uncoloured. 

IV. Tea. 

1. Examine the leaves. Pour some hot water over one or two of 
the larger leaves. They should uncurl quickly when thus treated. 
Now spread them out between glass slides and hold them up to the 
Hght. The characteristics of the leaves should agree with those 
described on p. 93. 

2. To test for tannin. To some strong tea in a test tube add a few 
drops of ferric chloride solution. An inky liquid is formed showing 
the presence of tannin. 

3. To estimate the tannin. Weigh out 2 grammes of the powdered 
tea into a small dry flask; cover with 100 c.c. distilled water, and 
boil for 1 hour. Filter while hot. Pour over the residue another 100 c»c. 
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of boiling water and filter this through the same paper. Receive both 
filtrates in the same beaker. To the clear liquid add a solution of 
gelatin until no more precipitate is produced. Filter the liquid 
through a weighed filter paper, dry the precijiitate in an oven at about 
120° C, and weigh when quite dry. The tannin may be taken to be 
40 per cent, of the dried precipitate. Calculate the percentage 
of tannin in the sample of the tea taken. (This method gives only an 
approximate result.) 

4. To estimate the ash. Take 10 grammes of tea^ place in a 
weighed dry porcelain or platinum dish, and gently heat with the 
Bunsen flame until it is reduced to an ash, which is generally grey or 
greenish in colour. Cool and weigh again. Calculate the percentage 
of ash in tea. It should be between 4 and 6 per cent. In faced teas 
the ash may be 10 per cent., while in "lie tea " it may reach 30 per 
cent. 

Partly fill the dish with boiling water, stir with glass rod and pour 
into a filter. Wash out the dish \sjith more boiling water, passing 
each washing through the filter. The hot water dissolves the soluble 
part of the ash, while the insoluble part remains on the filter paper. 
Place the filter paper and its contents in a weighed platinum crucible 
and heat until the contents are reduced to a fine ash again ; cool and 
weigh again. Calculate the percentages of insoluble and soluble ash 
in tea. The soluble part of the ash should amount to half the total ash. 

5. The action of^tannin on proteids. Make a solution of tannin in 
hot water. Then dissolve some isinglass in boiling water. Add the 
tannin solution to the isinglass. A white precipitate is produced. 
This experiment illustrates the action of strong tea on any proteids, 
such as meat. 

V. Coffee. 

1. Test a sample of coffee for chicory by the methods given on 
pages 94 and 95. 

2. Determine the percentage of ash as in (4) above. 

VI. Cocoa. 

1. Examine by the ' microscope for the starch granules of added 
starch. 

VII. Fekmented Drinks. 

1. Fit up the apparatus shown in fig. 28. Put in the flask sugar 
and water, and add some brewer's yeast. Leave it in a warm place 
for some hours. A clear colourless gas collects in the jar. Add some 
lime water and shake it up. The lime water is turned milky, showing 
the gas to be carbon dioxide. 

2. Filter the contents of the flask, and pour the clear liquid into a 
retort, fitted with a condenser as in fig. 29. Note the smell of the 
liquid that distils over. When about a teaspoonful of the liquid has 
collected in the cooled receiver, pour it into a watch glass and apply a 
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light. The liquid burns with a pale flame, showing that alcohol has 
been formed. 

3. Repeat experiment (2) using beer or wine for the distillation.^ 

4. Place a very minute rragment of yeast upon a microscope slide. 
Add one drop of water and mix the yeast with it by means of a 
platinum wire. Spread the mixture evenly over the slide, cover with 




Fig. 28.— Fi*A8K FOR Fermentation. 



a coverglass and examine it under the microscope. The yeast is seen 
to be composed of tiny oval bodies, each of which is a living plant, 
and is capable of multiplying and bringing about the conversion of 
sugar into alcohol and carbon dioxide. 




Fig. 29. — ^Distillation Apparatus. 



5. Determine the boiling point of alcohol. To do this pour an 
ounce of alcohol into a Wurtz flask fitted with a condenser and 
having a thermometer passing through the cork so that the bulb of the 
thermometer is just above the surface of the alcohol. Gently heat the 
alcohol until it boils. The mercury in the thermometer rises up to 
about 78°C. and then remains stationary. The alcohol vaporised by 
the heat is liquified in the condenser and so none is wasted. 
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6. To estimate the amonnt of alcohol in a given liquid. About a 
pint of beer should be either well shaken in a large bottle and allowed 
to stand, or rapidly poured, *' tossed," from one vessel to another. 
This is to expel as much of the CO2 as possible. Place 250 cc. in a 
retort connected with a condenser and receiver, make alkaline with 
caustic soda solution, aud boil gently until two -thirds of the liquid 
has passed over into the receiver. Then pour the distillate into a 
250 cc. flask, and add distilled water until the level of the liquid 
stands at the mark. Next find the density of the liquid by weighing 
a measured volume of it, preferably in a specific gravity bottle. Cal- 
culate the weight of 1000 cc. of the liquid. If this weight is 1000 
grammes then the beer would be free from alcohol, and the more the 
weight is below 1000 grammes the greater is the amount of alcohol in 
the beer because 1000 cc. of alcohol weighs only 793*8 grammes. It 
is assumed that the whole of the alcohol in the beer has passed over 
when two-thirds of the liquid has distilled. Calculate the percentage 
of alcohol in the beer by means of the following table. 



Weight of 


Per cent, of 


1000 cc 


Alcohol. 


1000 





997-6 


1 


996-1 


2 


994-7 


3 


993-3 


4 


991-9 


5 


990-6 


6 


989-3 


7 


988-1 


8 


986-9 


9 


985-7 


10 



7. The acidity of beer. This is an important determination. 
Measure 100 cc of beer into a 250 cc. flask and fill up to the mark 
with distilled- water. Take 25 cc of this diluted beer, add phenol- 
phthalein as an indicator and run in decinormal soda solution until the 
liquid is neutral. Not more than 3 cc of the decinormal soda solution 
should be required. The normal acidity of beer depends upon carbonic, 
acetic, lactic, tannic, and malic acids, but it ig occasionally increased 
by the addition of sulphuric acid. 
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8. Detection of arsenic in 
beer. Fix up the apparatus 
shown in fig. 29 A. The tube 
(a) is filled with fragments of 
calcium chloride to dry the gas. 
Put into the bottle some pure 
zinc and pure dilute hydrochloric 
acid. When all the air has 
been expelled and the hydrogen 
is freely coming o£E light it at 
the jet and heat the constricted part of the tube {c). There should be 
no deposit on the tube at the heated part. Then pour into the flask 
some of the beer to be tested and some more pure hydrochloric acid. 
Continue heating the constricted part of the tube. If arsenic is pre- 
sent in the beer a stain will be produced on the hot tube. This is 
arsenic, and it may be distinguished from other similar stains by its 
solubility in a solution of sodium hypochlorite. 



Fig. 29a. 



AD. HYG. 
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CHAPTER V. 
PEBSONAL HYGIENE— EXEECISE-^HABITS. 

The judicious combination of exercise, rest, and sleep plays 
a very important part in the health of the individual. 
Lack of exercise is soon followed by atrophy, or wasting 
away of the parts that are not used. A muscle that is not 
exercised, but lies idle, soon wastes away and becomes 
useless. This is particularly noticeable in the case of a 
broken or paralysed limb. The lack of use soon produces 
wasting and loss of power of the limb. The brain also, 
when not exercised by study and reading, does not develop 
to its fullest possible extent. On the other hand, unless 
the exercise is combined with the proper amount of rest, 
the results are even more disastrous, as the body becomes 
overworked and exhausted. 

Exercise is necessary at all periods of life, but especially 
80 during childhood and early manhood or womanhood. 
It is the duty of all parents to see that their children enter 
into the school games, and spend a great deal of time in 
the open air. Practically all schools have now adopted 
physical exercises as part of their curriculum in recognition 
of the importance of these to the children. In the case of 
adults the exercise that should be indulged in must depend 
upon the nature of the daily work. Thus, if a man is 
doing bodily work all day, his muscles have had quite 
sufficient exercise, and mental exercise is what he needs 
for his spare time. On the other hand, those whose 
occupation is sedentary, such as clerks, students, etc., need 
physical exercise in their spare time, in order to bring 
their muscular, circulatory, and respiratory systems to the 
proper pitch of development. 
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For any beneficial result, the exercise taken must be 
systematic and regular, and not indulged in by fits and 
starts. By gradually and steadily increasing the work 
done by them, a set of muscles may be greatly increased in 
size, but there is a limit to this increase, and if the work 
be carried to excess the muscles will begin to waste away. 
Care should be taken to give every muscle of the body its 
necessary exercise. Many of our sports are faulty in 
leaving most of the muscles idle. The best real exercise 
for all the muscles is probably obtained by boxing, lawn 
tenuis, and Rugby football. 

Violent exercise should never be taken without proper 
training. By training, we do not mean the old-fashioned 
idea of feeding a man on limited rations of half-raw meat, 
but simply an outdoor life, with plenty of good, nourishing 
food, and no lack of exercise for all the muscles. Violent 
exercise, without proper training of this kind, is likely to 
lead to most disastrous results, the commonest of which is 
heart disease resulting from overstrain. 

Some of the physiological effects of exercise deserve 
special mention. We have already mentioned that the 
muscles are increased in size and are rendered capable of 
doing more work. By exercise they are also brought more 
under the control of the will. The first effect of exercise 
is, perhaps, the quickening of the heart beat and the rate 
of respiration. The heart beats rnore rapidly and more 
forcibly, causing an increased flow of blood through the 
blood vessels all over the body. If the exercise be sudden 
and violent, the heart may be incapable of meeting this 
sudden demand upon it, and the valves may be rendered 
incompetent, giving rise to heart disease. But by 
gradually increasing the exercise, the heart is strengthened 
and the coats of the ai*teries are made stronger and 
healthier. 

Respiration is also qiiickened by exercise. The amount 
of air taken in at each inspiration is increased, and larger 
quantities of water and carbon dioxide are given out in the 
expired air. Thus, a man at rest draws into his lungs 
each minute about 480 cubic inches of air, but if walking 
at the rate of three miles per hour he takes in 1550 cubic 
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incheB of air, and if ho increases his rate to six miles per 
hour, the amount of air that he inspires is raised to 3250 
cubic inches. 

The skin acts freely while exercise is being taken. The 
blood vessels surrounding the sweat glands are distended 
with blood, and the secretion of sweat is increased. In 
this way an extra quautity of waste matter is removed from 
the body by the sMn. 

Otlier effects of exercise include the exhilaration and 
strengthening of the nervous system, the improvement of 
the appetite and digestion, and the stimulation of the 
kidneys and bowels, thereby aiding the elimination of 
waste matters from the body. 

Best. Without proper rest the organs of the body 
would soon become worn out. The most absolute rest is 
that obtained by sleep. The amount of sleep required varies 
with the age and occupation, but, speaking generally, 
the average adult requires 7 or 8 hours sleep a day. 
Children require more sleej) than adults because their 
bodies are working at a greater rate, and they are more 
easily oxliausted : those under 4 years should have 
16 hours sleep a day; from 4 to 12 years of age they 
require 12 hours sleep; from 12 to 16, 10 hours sleep is 
nocossarv. 

The slooping-room should be quiet and well ventilated, 
liedstoads should alwa^'s be used, if possible, as sleeping 
upon the floor is loss lioalthy on account of the interference 
with tlu) free circulation of air around and under the sleeper, 
and also the increased liability to inhale dust or gases from 
the lioor. A hair mattress is very much to be preferred to 
a feather bed. Infants should not sleep with adults, as 
the risk of *' overlaying'* is very great under these circum- 
stances. They should always sleep in a separate bed or 
cot, which may be easily constructed out of an ordinary 
clothes* -basket or box. 

Habits. Either good or bad habits are bound to be 
formed by children as they grow up, and so it behoves all 
good parents to see that the habits that the children form 
are those which are conducive to their health and happi- 
ness. The habit of eating slowly and chewing the food 
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well, and of having regular meals has already been referred 
to. The danger of forming the habit of taking alcoholic 
drinks has also been mentioned. Among the necessary 
and important habits are cleanliness, proper attention to 
the teeth, and the regular action of the bowels. 

The teeth should be cleaned regularly once or twice a 
day. If cleaned only once a day the best time is night, 
just before retiring to rest. A good tooth powder is a 
mixture of equal parts of salt and carbonate of soda, 
When any signs of decay of the teeth appear they should 
be stopped by a dentist. The teeth of children should be 
systematically examined for traces of decay or signs of 
irregularity. Irregularity can often be corrected to some 
extent by a skilful dentist. 

The bowels should be freely opened at least once a day. 
The best way to secure this is to cultivate the habit of 
evacuating the bowels at the same time each day. If a 
regular habit is not formed, constipation is bound to occur, 
and this will produce indigestion, heemorrhoids or piles, 
and sometimes inflammation of the bowels. Aperients 
should rarely be needed. A far better way to procure 
proper action of the bowels is to take regular exercise, and 
eat brown bread, oatmeal, vegetables, and fruit. 

Causes of Disease. 

The causes of disease are usually divided into two groups, 
viz. : — (a) predisposing, and {b) detenniniiig. (a) Predis- 
posing causes are certain conditions of the body, e.ff, 
temperament, idiosyncrasy and constitution, which increase 
its liability to disease, (b) Determining causes are those 
which actually produce the disease. **Thus, if a big man 
stands up to be shot at in a duel, he is more likely to be 
hit, other things being equal, than a small one; and so 
his size is a predisposing cause in favour of his being 
killed. If he is killed, it is the bullet which is the deter- 
mining cause " (Corfield). Similarly with such a disease as 
consumption, occupation, lack of sufficient air space, and 
heredity may bo said to be predisposing causes, but the 
determining cause is the invasion of the lungs by the 
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tubercle bacillus. Among the chief predisposing causes 
may be mentioned the following : — 

1 . Constitution. An individual is said to possess a strong 
constitution when his or her body is in such a condition as 
to be able to resist the attacks of disease. A weak consti- 
tution on the other hand denotes a condition of the body 
which renders it always liable to be invaded by disease, 
and when thus attacked, less able to offer a successful 
resistance. By careful temperate habits it is possible, 
however, for a person with a comparatively weak consti- 
tution to live longer and remain healthier than one who 
presumes upon a strong constitution by indulging in bad 
habits. 

Temperament — a term introduced by the ancient pbysi- 
cians — is closely connected with constitution. It is usual 
to speak of tliree temperaments — the sanguine, the nervous, 
and the lymphatic. A sanguine temperament is possessed 
by people with robust and strong constitutions, great 
animal spirits, and a good circulatory and respiratory 
system. Such people are rarely ill, and when attacked by 
disease they rapidly recover. A nervons temperament 
involves a predisposition to nervous diseases, and is by no 
means a healthy condition. People with such a tempera- 
ment should indulge in outdoor exercise, or take up some 
occupation which enables them to spend most of their time 
in the open air ; and a large allowance for rest and sleep 
should be made. A lymphatic or phlegmatic tempera- 
ment is possessed by listless and inactive people. Children 
of this type should be encouraged to play or work in the 
open air, and, as they are particularly liable to be 
attacked by scrofula and consumption, should live in 
well-ventilated rooms and be supplied with nourishing 
fatty food. 

2. Heredity. Every-day experience shows that not only 
are external resemblances handed down from parents to 
their children, but mental and moral characteristics, as well 
as tendencies towards certain kinds of disease, are also 
frequently hereditary. It is important to remember that 
it is the tendency towards a disease and not the disease 
itself that is inherited. Thus, the children of consumptive 
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parents will probably inherit a constitution which, is 
particularly liable to succumb to attacks of the tubercle 
bacillus. It behoves such people to take special precautions 
to overcome the inherited weakness by : — {a) taking plenty 
of exercise in the fresh air, (h) living in dry, well- ventilated 
rooms, and {c) eating a plain wholesome diet containing a 
large proportion of fats. Another example of hereditary . 
tendency is a certain imperfection or weakness in the 
digestive apparatus which results in gout. To combat this 
the greatest care in diet should be taken, and plenty of 
outdoor exercise. Bheumatism, chorea (St. Vitus's dance), 
and heart disease often attack members of the same family, 
while examples of the hereditary tendencies of epilepsy 
and insanity are unfortunately only too common. The 
children of persons suifering from nervous diseases should 
be encouraged to indulge far more in physical exercise than 
in study, especially in their earlier years. Scrofula and 
cancer are further examples of diseases which appear to 
attack persons with an inherited tendency. 

The tendency to any disease is greatly increased by the 
inter-marriage of families with the same hereditary taint. 
Thus, if members of two tubercular families were to marry, 
their children would be particularly liable to develop con- 
sumption ; and similarly with most of the above diseases. 
For this reason it is inadvisable for relations to marry 
because they may both have inherited a family taint which 
will be intensified in their offspring. 

3. Idiosyncrasies are peculiarities or weak points in a 
constitution to which special attention should be paid in 
order to ward off those diseases which are most likely to 
attack it. It is often noticeable that the same cause will 
produce very different effects in different people. **Thus, 
if a regiment of men encamp on marshy ground, one man 
may get a sore throat, another a cold in the head, another 
bronchitis, another rheumatic fever, another rheumatism, 
another intermittent fever or ague, and another nothing at 
all ; the reason of all this being that each man was attacked 
in his weakest point " (Corfield). Similar examples are 
afforded by the different effects of some foods and drugs. 
Shell-fish, for instance, may produce serious poisoning in 
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some people while they may be consumed with impunity 
by others. The action of opium and morphia is found to 
vary with the individual. With regard to diseases certain 
people seem to possess remarkable idiosyncrasies towards 
some complaints, being attacked two or even three times 
by such a disease as small-pox, or typhoid fever, one 
attack of which, as a rule, confers immunity from that 
disease for the rest of life. 

4. Age. An examination of statistics show that the age 
of an individual plays an important part as a predisposing 
cause of disease. 

In infancy the dangers arise chiefly from (a) improper 
clothing, Qi) improper feeding, and (<?) communicable 
diseases. 

A child needs to be warmly clad because it loses its heat 
more rapidly than an adult, owing to the fact that its 
external surface is greater in proportion to its size than an 
adult's. In winter, therefore, if children are not warmly 
clad, they are likely to be attacked by bronchitis, which 
proves fatal in many cases. As regards food, the child 
should be fed entirely upon milk until the age of nine 
months is reached, and even then starchy foods should be 
given in great moderation. If improperly fed, children 
are liable to attacks of vomiting, convulsions, and diarrhoea, 
the latter being a particularly fatal disorder. Rickets also 
may occur in children who are fed too early upon starchy 
foods, especially if, at the same time, their surroundings 
are unhygienic. The communicable diseases — small-pox, 
measles, scarlet fever, whooping-cough, chicken-pox, and 
diphtheria — are very prevalent in infancy, and are generally 
much more fatal then than if taken later on in life. It is 
of the utmost importance, therefore, to prevent any pos- 
sible infection from cases suffering from these complaints. 
That terrible disease, small-pox, has been transferred from 
among the diseases of infancy to that of young adiilts by 
means of compulsory vaccination, but this will only be 
maintained if the vaccination of all infants is insisted 
upon. If the number of unvaccinated infants in our 
population reaches an appreciable proportion of the whole, 
small-pox will probably resume its previous position as the 
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most fatal and most terrible of the diseases of infancy and 
childhood. It is obviously important to point out that a 
child need not necessarily be attacked by any communi- 
cable disease at all, and that each year of life, in most 
cases, decreases the probability of its acquiring any of 
them. Rheumatic fever is common in childiood, the after 
effects of which, in the form of heart disease, are often 
most disastrous. A great number of deaths among 
children are brought about by accidents, such as "over- 
laying." 

Youth, If vaccination has been performed in infancy 
its effects as a preventive of small-pox will last until the 
thirteenth or fifteenth year, when re-vaccination should be 
performed. This precaution is often neglected, and the 
effect is that small-pox is prevalent at this time of life. 
If re-vaccination were made compulsory at the age of 
twelve it is extremely probable that this disease would 
be rapidly stamped out altogether. 

Rheumatic fever — which often results from carelessness 
in wearing wet clothes — and consumption are most pre- 
valent and fatal at this period of life. The latter disease 
is commonest among those who are the victims of over- 
crowding, and the inhabitants of badly ventilated rooms, 
especially if they are predisposed to it by a hereditary 
tendency. Similar causes also tend to produce blood 
disorders which are classed together under the name 
anaemia. Among the communicable diseases the most 
important in youth is enteric or typhoid fever. 

Adults, Commuuicable diseases are comparatively rare, 
and the chief dangers are due to the chronic diseases, e.g, 
bronchitis, heart dineases, and diseases of the liver and 
kidneys. The tendency towards gout, cancer, and nervous 
disorders iocreases towards the latter part of this period of 
life. Some of these complaints are, to some extent at 
least, avoidable, e,g. diseases of the liver and kidneys are 
often caused by alcohol, and chronic bronchitis is usually 
the sequence of a series of neglected colds. 

Old Age, The chief causes of death in old age are 
bronchitis, cancer, paralysis, and apoplexy, the last being 
often the result of kidney disease. 
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5. Sex. As a general rule it may be said that at every 
age men die at a greater rate than women. For instance, 
in 1891 the death rates in England and Wales were : — 

Deaths per 1000 persons living. 







Males. 


Females. 


Under 5 ; 


years 


62-1 


52 


Between 5 — 10 




4-5 


4-5 


„ 10 15 




2-5 


2-7 


„ 15 20 




4-0 


40 


„ 20 25 




5-3 


4-5 


„ 25 35 




7-2 


6-7 


„ 35 45 




12-2 


10-3 


„ 45—55 




19-8 


15-3 


„ 55-65 




36-3 


29-8 



As this extra mortality among men begins at such early 
ages it cannot be due to occupation and exposure entirely, 
and there appears to be some predisposing cause. Many 
diseases are found to kill more males than females, 
especially : ( 1 ) kidney diseases, which are often caused by 
excessive consumption of meat and alcohol, (2) lung 
diseases, generally due to exposure, (3) brain diseases, 
which are often brought about by great worry and anxiety, 
and (4) some communicable diseases, such as smaU-pox, 
measles, and scarlet fever. Accidental deaths and suicides 
are also more common among males than females. On the 
other hand, it is generally found that such diseases as 
cancer, diphtheria, whooping cough, typhoid, and typhus 
fever are more liable to attack women than men. The 
death rate due to consumption among people under 20 
years of age shows more female victims than male, but 
over 45 years the reverse is the case, so that the total 
death rate due to consumption is about the same. 

Clothing. 
The chief uses of clothing are : — 

1 . To keep in the heat of the lody. The heat produced 
by the metabolism of food, i,e, chemical changes 
of food when in the body — would, but for our 
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clothing, pass from the surface to the external 
air, because tlie temperature of the hoxiy is 
nearly always higher than that of the air sur- 
rounding it. 

2. To protect the body from heing injured by excessive 

heat in tropical districts. Light-coloured clothing 
is worn to reflect the heat. 

3. To protect the body from wind and rain, 

4. To protect the body from injury arising from contact 

with external objects. 

5. 7b adorn the body. 

The chief materials used for clothing are : — 

1. From the Vegetable Icing dom: — Cotton, Linen, Jute, 

Indiarubber, and Guttapercha. 

2. From the Animal kingdom : — Wool, Fur, Feathers, 

Silk, and Leather. 

3. From the Mineral kitigdom: — Small quantities of 

Iron, Brass, etc. 

Materials from the Vegetable Kingdom. 

(a) Cotton is obtained from the downy fibres attached 
to the seeds of the cotton plant, which grows freely in the 
United States of America, Egypt, and India. These fibres 
are picked from the pods, separated from the seeds by 
machinery, then packed in bales and sent to Liverpool, 
Glasgow, Manchester, or London. After being cleaned 
and spun, the thread or yarn is woven into various cotton 
cloths, which are bleached, dyed, or printed, and may then 
be used for clothing or household purposes. Fustian, 
flannelette, velveteen, print, cretonne, jean, sheeting, 
calico, towelling, are cotton goods. 

As a material for clothing, cotton has the following 
advantages : — 

1 . It is cheaper than linen, wool, or silk. 

2. It is light. 

3. It has hard fibres and will wear well. 
3. It does not shrink when washed. 
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The disadvantages are : — 

1. It is not a good absorber of moisture, therefore 

does not absorb the sweat of the body. 

2. It is a better conductor of heat than wool, and 

consequently it allows the heat of the body to 
pass through it. 

3. It absorbs odours readily. 

{h) Linen is obtained from the fibrous stems of the flax 
plant, which is grown freely in North Ireland, Russia, 
Holland, etc. The plants are pulled up, and, after the 
seeds are gathered, allowed to ferment or rot on the 
ground, thus causing the soft material holding the fibres 
together to decay, in order that they may then be easily 
separated. The stalks are next beaten, combed, and 
afterwards spun into thread or linen yam, which is woven 
into linen fabrics, e.g, sheeting, shirting, damask, diaper, 
halland, cambric, lawn, linen thread, etc. 

As a material for clothing, linen has the following 
advantages : — 

1. It is very cool for the skin. 

2. The surface can be made smooth and glossy, which 

renders it very suitable for collars, cuffs, and 
shirt-fronts. 

3. It is stronger and more durable than cotton. 

The disadvantages are : — 

1. It is a better conductor of heat than cotton. 

2. It is a poor absorber of moisture. 

3. It is more expensive than cotton. 

The seeds of the flax-plant are commonly known as 
linseed, from which linseed-meal, linseed oil, and oil-cake 
are made. Oil is abstracted from the seeds and used for 
paints ; the residuum, pressed into a solid mass, is utilised 
as a cake or food for cattle. 

(c) Jute is a fibrous substance obtained from the stalks 
of two varieties of the Corchorus plant ( Cor chorus capsularis, 
and Corchorus olitorius) which is extensively grown in India. 

The process of manufacture is similar to that of linen, 
but, as the fibres are coarser and more woody than those 
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of flax, the fabrics produced are much coarser. It is not 
much used as a material for clothing, but is employed to 
adulterate other materials with a view to cheapness, e,g. 
inferior carpets, rugs, and table-cloths. 

Its principal ww«, however, are for making : — 

1. Sail-cloth. 

2. Coarse sacking — ^millions of jute sacks called 

**G-unny bags" are exported from India, for 
packing com and other merchandise. 

{d) Indiarubber is an extremely useful substance 
obtained from the sap or milky juice of several tropical 
plants which grow in America, India, Africa, and the 
East Indies. This sap hardens when dried. 

Its qualities are : — 

1. It is soft to the touch. 

2. It is extremely flexible and elastic. 

3. It is tough and strong. 

4. It is waterproof. 

5. When heated, stretched out and allowed to^cool 

thus, it loses its elasticity, but when heated again 
it becomes elastic. 

Its chief uses are for making; — (1) cloth waterproof; 
(2) overshoes and goloshes; (2) elastic webbing for 
stockings, knee-caps, braces, garters, suspenders, etc. 
(Thin threads of indiarubber after being stretched and 
rendered inelastic, are woven with threads of other 
material and then allowed to recover their elasticity.) 

Indiarubber is used for many other purposes, in addition 
to its use as a material for clothing. 

Vulcanite is made by mixing cruslied or shredded rubber 
with one-third its weight of sulphur, keeping the mixture 
at a high temperature for several hours and then allowing 
it to cool. 

It is then hard, homy, and brittle instead of being 
elastic and soft. If we vary the proportion of sulphur we 
obtain materials of various degrees of hardness. 

For clothing purposes vulcanite is used to make combs, 
bracelets, buttons, etc. 
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{e) Onttapercha is a substance resembling indiarubber 
in being waterproof, but differing from it, in that it will 
not stretch. 

It is not so widespread in its origin, the trees from which 
it is obtained growing in very few places except the Malay 
Peninsula and Singapore. 

For clothing purposes it is principally used for water- 
proof soles for boots. 

Materials from the Animal Kingdom. 

{a) Wool. 

Is the natural covering of the sheep, llama, alpaca, and 
some varieties of the goat. It differs from hair in that 
hair is hard, straight and smooth, while wool is soft, curly, 
and has scales on the surface of the fibres. This last 
property enables wool to be felted by the interlocking of 
these imbrications or scales. 

As a material for clothing wool has the following advan- 
tages : — 

(1) It is a bad conductor of heat ; this renders it useful 
for cold climates, for it prevents the loss of heat from the 
body. 

(2) It is a great absorber of water. This is a most 
important property. During exercise, heat is produced and 
perspiration takes place, then the heat is reduced being 
used in the evaporation of perspired sweat. When the 
exercise is finished this evaporation still goes on, taking 
heat from the body, and if unchecked, the body becomes 
chilled on the surface. This lowers the vitality and micro- 
organisms are enabled to make a successful invasion of the 
mucous membrane lining the nostrils, pharynx, and throat, 
and set up a little infiammation in these parts. In conmion 
language the person acquires a cold through a chill 
experienced after sweating. 

If dry woollen clothing is put on after exertion, the vapour 
from the perspiration is condensed in the fibres and in the 
pores of the wool, and gives up again the heat which had 
been used in turning it into vapour ; the wool thus becomes 
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warm and the heat is not lost from the body, consequently 
it is not chilled. The water absorbed by the fibres them- 
selves is called hygroscopic water. If, however, cotton or 
linen is worn the perspired vapour passes through to the 
external surface, without so much condensation taking 
place, and there is an actual loss of heat. The fibres them- 
selves do not absorb water so that what water is retained is 
water of interposition and not hygroscopic water. The 
linen or cotton then feels wet to the touch. 

(3) It is not a good absorber of odours. 

(4) It is naturally rougher than cotton or linen and 
produces a little irritation of the skin which stimulates 
surface circulation. This roughness, however, would cause 
inconvenience to persons with sensitive skins. So in some 
respects this quality of wool may be called a disadvantage. 

The disadvantages are : — 

(1) It is more expensive than cotton or linen. 

(2) The soft fibres shrink in washing, and after a time 
become smaller, harder, and possibly less absorbent. 

To prevent this as much as possible, woollen materials 
should not be rubbed or wrung, nor should they be placed 
in water which is too hot. They should not be boiled, nor 
exposed to the hot sun when drying, Ammonia or borax 
should be used instead of soda to remove grease. 

The chief kinds of woollen-goods are flannel, cloth, 
blankets, worsteds, and knitted goods. Felt is wool made 
up without weaving or spinning. The fibres are matted 
together by wetting and beating, the serrations on the 
surfaces interlocking with each other. 

{b) Fur. 

Is the natural covering of many animals which live in cold 
regions. It consists of a thick close- set covering of shorter 
hairs, interspersed with longer hairs which form the " over- 
hair." The quality of this over-hair determines the value 
of many of the furs ; the over-hair of the fur of the silver- 
fox is fine and silky compared with that of the grey fox, 
and is more highly valued. 
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The chief fur-bearing animals are the ermine, sable, 
seal, Arctic fox, squirrel, chinchilla (or Chili cat), bear, 
beaver, otter, opossum, cat, rabbit. 

The chief articles made of fur are jackets, cloaks, 
capes, boas, waistcoats, hats, caps, mufts, collars, and 
cuffs. Felt hats are made of rabbit fur which is mixed into 
a paste with a little glue and dye, and then moulded. 

The advantages as an article of clothing are : 

1. It is a bad conductor of heat, and is not of a close 

texture. This makes it one of the warmest 
kinds of clothing. (To get the greatest benefit 
from it the skins should be worn with the fur 
inside. ) 

2. It is elegant and ornamental in appearance. 

I'he disadvantages are : 

1. It is very expensive. 

2. When not required in the summer it forms a 

harbour for moths aud is spoiled unless special 
precautions are taken to preserve it. 

{c) Silk. 

Is a kind of gelatinous secretion with which the silkworm 
covers itself when about to chauge from the silkworm to 
the moth stage. (This substance hardens on exposure to 
the air and thus forms a thread.) The cocoon of silk 
envelops the chrysalis during the change. The cocoons 
are placed in hot water to kill the worm before it com- 
pletes the change, for, as a moth, it eats its way out of the 
cocoon and spoils the silk by thus cutting it into short 
lengths. The silk is unwound from the cocoons, cleaned, 
made up into threads which are woven into silk fabrics 
such as silk cloth, satin (silk with a glossy surface), 
ribbon, velvet, plush, shawls. Gloves, stockings, and lace 
also may be made of silk. 

The advantages as a clothing material are : — 

1. It is a bad conductor of heat. 

2. It is soft and smooth and thus is well suited 

for delicate skins. 
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3. It is much lighter than wool, and very suitable 

for underclothing. 

4. It is durable, and is an absorbent of moisture 

DunUhantages. 

1 . It is too expensive for ordinary wear. 

2. It requires care in washing and drying. 

{d) Leather is prepared from the skins of animals. 
Tanning or an equivalent process changes the skins which 
would be hard, brittle, and liable to decay, into a substance 
which is tough, flexible and does not readily decay. It is 
waterproof and is used for boots, shoes, slippers, purses, 
belts, etc. 

The change of hides into leather may be produced by — 

1. Action of tannic acid from oak bark or other 

similar vegetable substance, which changes the 
albumen and gelatine into insoluble tannates. 

2. Using mineral astringents such as alum in the 

place of tannic acid. 

3. Impregnating the skins with oil or fat. This is 

the method adopted in preparing chamois 
leather and all furs except sealskin. 

Dry leather does not wear so rapidly as wet, therefore 
two pairs of boots should be in use to be worn on alternate 
days, and if this plan is adopted each will last much 
longer than if one pair be worn continuously. 

{e) Feathers are sometimes used for ornamental pur- 
poses, but may be substituted for fur as a covering for the 
neck. Their chief use, however, is for stuffing pillows, 
cushions, and beds. 

(/) Glass, brass, iron are used for ornament; e.g. 
buttons or buckles. Iron is also used as nails for boots. 

Comparison of the Clothing Materials. 

1. Microaeopie appearance. 

Under the microscope the fibres of wool, cotton, linen, 
and silk present well marked differences ; see flgs. 30, 
31, 32, and 33. 

AD. HYG. 9 
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Wool fibres show serrations or scales on the surface. 
Cotton fibres can easily be detected as thej are flattened 





Fig. 30.— Silk Fibres under 
THE Microscope. 



Fig. SL—WooL Fibres under 
THE Microscope. 



and ribbon-like, and are twisted at frequent intervals. 
Silk fibres have no surface markings or scales. Linen 
fibres may be distinguisbed by their jointed structure. 

2. Conducting powers. 

The power of clothing t-o retain the heat of the body 
depends upon the material, its texture, and nimiber of 





Fig. 82. — Cotton Fibres under 
THK Microscope. 



Fig,33.— LiNKN Fibres UNDER 
THE Microscope. , 



layers. Wool is the worst conductor of heat, and then 
in order come fur, feathers, silk, cotton, and linen. 
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The closeness of the texture influences this power ; loose, 
furry fabrics feel warmer than closely-woven silk and 
linen. Flannelette, although cotton, may be as warm as 
closely woven silk. The more layers of clothing the more 
layers of air intervene, and air is a bad conductor of heat. 
Colour of clothing only affects the outer heat. White 
absorbs least heat and is therefore coolest. Yellow, red, 
green, blue, and black follow in order. The colour does 
not affect the power of conducting heat from the body. 
Red flannel is no warmer than white. 

3, Power of absorbing moisture. 

This also depends upon th^ closeness of texture. Loosely 
woven cotton may absorb almost as much, if not more 
than closely woven woollen fabrics. Loosely woven 
flannel and woollen goods are, however, the best to use 
for under clothing. 

Waterproof material has a great disadvantage in that it 
does not allow sweat to pass through, and the body 
becomes over-heated. 

Clothing of Children and Adults. 

In comparing the surface areas, and the weights of a 
child and an adult it is found that in the case of a child 
weighing 50 lbs. and an adult weighing 150 lbs., although 
the adult is three times as heavy, he has not much more 
than twice as much surface area. Hence bulk for bulk, 
the infant's body has a greater surface to lose heat from, 
which shows that very warm clothing is required. Infants 
in arms cannot take much exercise to assist in gaining 
heat, hence they require specially warm clothing. 

In old age exercise cannot be taken so freely; the 
chemical changes in the body are less rapid so less heat is 
produced; hence older persons require warmer dothing 
than healthy adults at a working age. 

The practice of leaving the arms and legs of children 
bare with a view to hardening them is decidedly wrong. 
Msuiy cases of bronchitis are due to this. The clothing 
should be evenly distributed over the body. Women 
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frequently err too in this respect, the upper part of the 
body having scanty covering while the lower limbs are 
overloaded. 



Injurious clothing and modes of dressing. 

The chief faults in clothing may be placed in three 
classes. 

1. Clothing which constricts some part or organ of the 

body. 

2. Clothing which impedes the natural movements of 

the body. 

3. Clothing which is excessive in weight, or unscienti- 

fically supported. 

1. Constriction. 

Tight shoes, sleeves, hats, collars, stockings, corsets, 
gloves, tight belts, and garters ; these impede the circulation 

in the parts affected, and 
may produce congestion in 
other parts. Tight garters 
may produce varicose veins, 
tight boots produce corns and 
bunions. Tight corsets pro- 
duce malformation of the 
organs of the body so that 
they cannot perform their 
natural functions as they 
should. Tight, heavy hats 
cause head-ache, depression, 
and baldness. Shoes with 
narrow pointed toes compress 
the big toe and cause a 
malformation of the foot (see 
fig. 34). 

2. Impediments to movement. 

Long and close-fitting skirts, tight sleeves, tight suits, 
cause a waste of energy by impeding the free movements 
of the body. 





Foot deformed by 
pointed boots. 

Fig. 34. 



Natural 
foot. 
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3. Weight and Mode of support. 

Clothing which is too heavy wastes energy. Dress 
skirts which are too long and would trail on the ground 
require a good deal of energy to carry them in the hand. 
If allowed to sweep the streets, they carry dust into the 
house, and may help to spread infection during an 
epidemic. Heavy hats are unsatisfactory for all ages and 
for both sexes. 

Clothing may be wrongly supported. All should be 
supported from the shoulders if possible, if not, then some 
from the hips. The practice of having a number of articles 
suspended from a belt round the waist is not a good one. 

The boot heels should not be too high, or the foot is not 
in its natural position when bearing the weight of the 
body, and sprains are frequently due to awkward walking 
through high heels. 

Poisonous Dyes. 

ITie most important injurious dyeing materials are arsenic, 
chromium, lead, Scheeles green, Schweinfurtli green, or 
Vienna green, and king's yellow, contain arsenic. These 
are used for dyeing cloths, etc. The greens, however, are 
not more liable to contain arsenic than other colours, as is 
commonly supposed. 

The dyes for artificial flowers are frequently poisonous. 

Chromium salts are used in calico printing and dyeing. 
They are also used in dying silk and linen. 

Lead is used in the colouring of artificial flowers ; in the 
weighting and dyeing of silk and alpaca ; and in calico 
printing and dyeing. 

Owing to the more recent improvements in the manu- 
facture of dyes, however, there are less poisonous dyes used 
than formerly. 

EfEects of poisonous dyes. 

1. They stain and discolour the skin, and frequently 
cause a rash. 
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2. They produce inflammation, eruptions, or a skin disease. 
Arsenic produces a brown pigmentation of the skin. 

3. They may add poisonous material to the blood and 
derange the digestive and nervous systems. (ISee the 
effects of arsenic from wall-papers, p. 156). 

School Hygiene. 

This deals with the application of the general principles 
of Hygiene to schools. The principles regarding the site, 
construction, drainage, warming, and ventilation of build- 
ings given in the various chapters of this work, are 
applicable to all classes of schools. As these, however, 
differ from dweUing-liouses in that we have large numbers 
of children gathered in rooms for definite periods, for 
instruction or for other purposes, a special consideration of 
{a) ventilation, (h) lighting, and {c) furniture is essential. 

{a) Space required. 

To prevent the air becoming too vitiated it must be 
frequently renewed. To obviate the necessity of a too 
frequent renewal of the air, which may cause draughts, 
sufficient space must be allowed for each pupil occupying 
a room. The Board of Education require a floor space 
of 9 square feet for each infant, and of 10 square 
feet for each older scholar, and the height of a room 
should not be less than 10 feet, so that 90 or 100 cubic 
feet of space forms the minimum allowance for schoolrooms. 
This, however, is far from sufiicient. If a space of 100 
cubic feet is occupied by one person, the air will require 
changing nearly 30 times per hour if we are to supply the 
3000 cubic feet of fresh air requisite to keep the CO2 below 
the limit of permissible impurity (see Chap. II.). ^ the 
air is to he changed only three times per hour (which may 
be done without perceptible draughts), each child would 
require nearly 1000 cubic feet of air space, and none of this 
calculated air space should be more than 15 feet ab'ove the 
floor. As the expense of providing this space would be 
excessive, less space has to suffice, which fact renders it 
very important that whenever possible {e,g, during an 
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interval), the windows should be opened to their widest 
extent to flush the room. When this course is adopted a 
space of 300 to 400 cubic feet is sufficient. 

For sleeping accommodation at a residential school, 
500 cubic feet should be the minimum allowance per 
pupil. 

(3) Lighting. 

Evpry part and corner of a schoolroom should be fully 
lighted. The light should, as far as possible, come from 
the left hand, so that in writing the shadow of the hand and 
the pen will not obstruct the viey of the work. If light 
from the left side is unattainable, then light from the right 
is the next best. Light from the front is dazzling to the 
eyes of the pupils, while light from the back is not pleasant 
for the teacher, and causes the shadow of each pupil to fall 
on his work. Small panes, or any arrangement which 
obstructs the light should be avoided. 

Windows should extend to about 4 feet from the floor, 
and some, if not all, should reach to the ceiKng. If the 
top of the window is made to open, foul air collected near 
the ceiling may be got rid of readily. The window area 
should be from tV to i of the floor space. 

For artificial lighting the incandescent electric light is 
by far the best. As a guide to the number of lights 
required, for every 100 square feet of floor space, one 16 
candle-power lamp placed 8 feet above the floor wiU give 
a dull illumination, two wiU give a good illumination, and 
lour will give a brilliant illumination. The light should 
be shaded so that it does not fall directly on the eye, but is 
reflected from surrounding objects. 

If gas be used some form of incandescent burner is 
requisite, the flickering of naked gas flames, (due to 
variations of pressure or to water in the pipes) is very 
exhausting to the eye when a pupil is reading. 

{e) Fdrnitnre. 

One of the most important articles of school furniture is 
a good desk. Various patterns are now on the market, 
some fairly ^ood, others decidedly bad. The desk and Beat 
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should he suited to the size of ths pupH. The seat should 
be wide enough to form a good support, and the height 
should not exceed the length of the leg, measured from the 
bend of the knee to the heel. Every seat should have 
a support for the back of the pupil. 

The height of the desk should be arranged so that the 
pupil will not have to stoop to it when writing, nor should 
it be so high that he must raise his elbow and shoulder to 
reach up. Either of these defects may produce a curva- 
ture of the spine. The desk top should be inclined a little, 
an angle of about 15° is sufficient. For writing, the edge 
of the desk and of the seat should be in the same vertical 
plane, while for standing this is impossible, so that adjust- 
able desks are necessary to suit all kinds of work. 

Blackboards should be arranged so that the light falling 
on them is not reflected directly to the eyes of the pupil. 

Caxe of the Eyesight. 

The eye consists of a double convex lens, the crystalline 
lens, protected in front by a circular diaphragm, the iris, 
and having a sensitive screen, the retina, on which the 
images of external objects are cast. The impressions con- 
veyed to the brain from these images give rise to the 
sensation of sight. 

Under ordinary conditions an aiTangement of this kind 
would only enable objects at a certain definite distance 
from the eye to be seen distinctly, for as the distance 
between the lens and the image on the retina is fixed so 
also the distance between the object and the lens must be 
fixed. The eye, however, has the power of accommodation, 
for the curvature of the surface of the lens may be altered 
so that images of objects at various distances may be 
received in turn on the retina. 

The condition of distinct vision of any object is that a 
clearly defined image of it is formed on the retina. If the 
axis of the eye be too long, the eye may not have sufficient 
accommodating power to enable the images of distant 
objects to fall on the retina, although objects near may be 
distinctly visible. An eye of this character is said to be 
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short-sighted or myopic. Another defect of yision is long-' 
sightedness or hypermei/ropia. In this case the axis of the 
eye is too short and when the eye is at rest the image of a 
near object would be formed behind the retina and thus a 
blurred and indistinct image is formed on it and the object 
is seen indistinctly. The use of proper spectacles over- 
comes these defects and prevents the straining of the eye 
that inevitably follows upon these conditions. The lenses 
of these should be arranged that, acting in combination 
with the lens of the eye, images of objects will be formed 
on the retina. Convex lenses are generally required for 
long-sight, and concave lenses for short-sight. 

Another important defect of vision is the long-sighted- 
ness due to advancing age. This is called presbyopia and 
is due to a gradual decrease in the accommodating power 
of the eye. This may require two pairs of spectacles, one 
for near objects as for reading, and another for use when 
viewing distant objects. 

In some cases of defect of vision the magnitude of the 
defect may not be the same for both eyes so that lenses of 
different focal length may be required to absolutely correct 
the vision. 

The eyes of all pupils should be periodically tested by 
means of test types. A card specially arranged with 
.letters of various sizes may be readily obtained at an 
opticians. For normal vision, letters -A- of an inch in 
height should be distinguishable at a distance of twenty 
feet. If the letters of this size are not recognised, the 
next size should be tried and the smallest type distin- 
guishable should be noticed. If there are any defects the 
parents should be communicated with, so that spectacles 
may be obtained if necessary. It is now becoming recog- 
nised by the more important Bducation Authorities that 
the eyes of children should be periodically examined by a 
medical officer of the Authority. 

If one of the eyes is a little defective, both try 
to act in concert to produce distinct vision, and this 
produces eye- strain which is recognised by various pains 
and aches, and if this is continued, permanent injury may 
be produced, hence the necessity for testing the eyesight so 
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that defects may be provided for when they first make 
their appearance. 

Some of the school surroundingps which afEect vision 
are : — 

1. Defective lighting of the rooms ; 

2. Light falling directly on the eyes ; 

3. The colour of the walls; a pink tint does not rest 

the eye while a cream colour or a French grey 
will do so, or a light green may be used. 

4. The use of books printed in too small type, or with 

unleaded type so that the lines are too close 
together ; 

5. Close attention for too long a time at one sitting ; 

6. The employment of microscopic stitches in needle- 

work, or of coloured material which produces 
eye-strain. 

As the eye is so useful, and yet is easily injured, every- 
thing possible should be done to preserve its powers. 
Therefore : — 

{a) Avoid conditions of work which are likely to 

injure the eyesight ; 
{h) Test the eyesight periodically to detect any 

defects at once ; 
{e) Have spectacles obtained specially suited to 

remedy any defects which are found. 

Ventilating and Warming Schools. 

The paragraphs dealing with the subject of Ventilation 
and Wanning, together with the extracts from the Report 
on the Cost and Efficiency of the Heating and Ventilation 
of Schools drawn up by Dr. Oarnelley for the Dundee 
School Board, which are given in Chapters II. and VIII. 
may be referred to for this. 
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PRACTICAL WORK ON CHAPTER V. 

1. To compare the absorptive powers of cotton and wool. 

(a) Take equal weights of dry calico and flannel, {b) Soak in water. 
(e) Wring out and weigh again. 

The wool will be found to have retained a greater weight of water 
in its pores than the cotton. 

2. To compare the condnctive powers of clothing materials. 

Take a piece of dry linen and a piece of dry flannel. Place two 
similar thermometers in hot water. When they have acquired the 
temperature of the water, remove them rapidly (with as little loss of 
heat as possible) and wrap the bulb of one in linen, and the other in 
flannel. Leave for a few minutes then examine the readings to see 
which has lost the greater amount of heat. 



CHAPTEE VI. 

THE DWELimO-HOnSR 

Selection of a Site. 

The chief points affecting the healthiness or unhealthi- 
ness of a site for a dwelling-house are : — 

I. Kind of soil and subsoil, with rocks underneath. 
II. Aspect and elevation. 
III. Distribution of water in the soil, 
ly. Action of the soil on air. 

I. Inflaence of the soil on health. 

The soil is formed by the disintegration of the rocks by 
(«) chemical, {b) physical, and (c) organic agency. 

(1) The soil may contain a number of micro-organisms 
present in the humus or organic matter. Some of these 
are harmless, while others, e.g. certain bacilli, if allowed 
to obtain an entrance into the human body, are productive 
of such diseases as tetanus and malignant oedema. 

(2) The physical properties of the soil have a marked 
influence. 

Permeable aoiU^ i.e, those which allow the water falling 
on them to soak in and flow away, are usually dry and 
healthy. 

Impermeable soiU, %,e, those which do not allow the water to 
flow away, are damp and unhealthy, often causing colds, 
sore-throat, rheumatism, and predisposing the body to 
phthisis or consumption. 

140 
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(3) ** Made " soils, consisting chiefly of a rubbish deposit, 
should be avoided, as the bad-smelling gases arising from 
the decomposition of organic matters may cause a pre- 
disposition to disease. 

CloAf soils, on account of their impermeability, are not 
satisfactory as surface soils, because they tend to retain 
the water which may accumulate on them ; and, as sub- 
soils, they may retain the water which percolates the more 
porous layers overljdng them. These disadvantages, 
however, may be removed to a great extent by a well 
executed system of subsoil and surface drainage. 

Sandy and gra/vel soils, on account of their loose porous 
nature and permeability, are warm and are much dryer 
than clay soils. 

The disadvantages are : — 

{a) The presence of a little moisture with warmth and 
some organic matter are precisely the conditions favourable 
to the life of micro-organisms. 

{}) The water supply may have to be taken from a 
shallow well, and this may be rendered impure if the sand 
overlies an impermeable layer. 

{c) The permeability renders the soil liable to pollution, 
e,g. from a leakage in a faulty sewer. 

In addition to draining subsoils, the drying of the site 
may be assisted by : 

(1) Clearing out the water-courses. 

(2) Removing obstructions. 

(3) Making fresh channels. 

By these means the surface water may be allowed to 
flow away freely instead of sinking into the ground and 
thus raising the level of the ground-water. 

Seat of the soil. Some soils have a less specific heat 
than others ; i,e, they do not require as much heat to i*aise 
their temperature. These are spoken of as warm soils. 
Soils which retain water are usually cold. Clay soils are 
usually cooler at the surface than less moist soils on 
account of the great specific heat of water ; and the lower 
layers are also cooler, for water is a bad conductor of heat 
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and does not transmit it readily to them from the surface 
layers. 

In considering the powers which the soils possess of 
(a) absorbing, {b) retaining, {c) radiating heat, it is found 
that the powers of absoi'ption and radiation depend partly 
on the colour of the soil, and the vegetation growing on it, 
e.ff, a light-coloured soil reflects light and heat, while a 
darker one absorbs more. 

Sand warms more rapidly than clay, and in addition to 
having a low specific heat, the organic matter frequently 
present helps it to absorb heat better. 

Soils may obtain a little heat from chemical action which 
takes place in them. 

In choosing a site for a house a warm soil is preferable 
to a cold one. 

II. The Aspect. 

The aspect of a house has an effect on its healthiness. 
If possible, it should face south or south-west, as the 
front rooms will obtain a larger amount of sunshine than 
if facing in any other direction. 

The presence of sunshine acts as a restraint on the 
growth of some micro-organisms and is generally beneficial 
to the healthiness of a house and its inmates. In England, 
if exposed to the north or north-east, the cold winds from 
the wide expanses of land in Europe and Asia are felt. 

Sti/rroundings, The house should not be situated near 
brick-yards or any offensive works. It should have a free 
circulation of air round it, but should be sheltered from 
cold winds. 

Elevation. An elevated site is better than a low-lying 
one, as the latter is more likely to be damp. The elevation^ 
however, is only relative, for a site on a hill-side, although 
elevated above the valley, may be damp, because it is 
relatively lower than the hill-top, and water from the 
higher land may flow to it. 

An elevated site is easier to drain than a low-lying one 
— ^there is plenty of fall in the former for the drains to 
carry off the water 
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III. DiBtribution of water in tbe Boil. 

The rain which falls may be divided iuto three parts 
thus : — about (a) ^ passes off in evaporation ; 

(b) ^ flows over the surface to form streama 

and rivers ; 
(i;) i sinks into the earth. 

The result o£ the sinking is that the lower layers of the 
soil are saturated with water. The depth of this saturated 
layer depends upon the kinds of soil or rocks upon which 
the rain falls. If there is a deep layer of porous material, 
the water g;oea on sinking deeper and deeper ; but when 
there is an impervious layer, e.g. a bed of clay, which 
arrests the downward movement, then an underground 
reservoir of water is provided, the pores of the soil being 
saturated with it. 

This provision is utilised when a well is sunk. {The 
bottom of the well is below this level and water enters the 
well, filling it to the level of the water in the saturated 
layers around it.) 



Kg. 39.— Shallov VtLL. 

The level of this groand-waUr should not be within a dis- 
tance of 10 feet from the surface ; it may be hundreds of 
feet below. If it reaches the surface a marth is formed, 
the site is therefore damp and unhealthy. To keep the 
level below 10 feet, drains should be put in at that depth 
to carry ofi all water in the soil above them. 
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The level Bhould not be subject to fluctuations which 
may lead to communication between well-water and im- 

Jurities that are contained in cess-pools, or in the upper 
lyers of soil. 



The cellars, in bouses situated near a river, may be 
flooded when the river rises, as the level of the ground- water 
rises with it. 

IV. Aotioa of the soil on air. 

Ground-air is the name given to the air in the interstices 

of the soil. It contains less oxygen and more carbonic 
acid gas than the ordinary air, and may contain gases 
resulting from a decomposition of organic matter in the 
soil. Occasionally, carburetted hydrogen is present, and 
if sulphides are contained in the water or soil, we may 
find sulphuretted hydrogen. 

A rise in the level of the grouud-water forces ground- 
air from the pores of the upper layers carrying with it any 
germs, that are in the soil, to the detriment of health. 

Matkkiaxs used in Bdildiko. 

The chief materials used for the foundations and walla 
of buildings are obtained from the earth, either in 
(a) Blocks which are naturally held together; 
(i) Materials that can be artificially consolidated. 



THE DWELLING-HOUSE. 145 

Sandstone, limestone, granite, and other kinds of stone 
are used — eacli district utilising its natural resources, 
e,g, granite houses in Aberdeen, limestone in Derby- 
shire. 

The durability of stone depends upon its resistance to 
atmospheric influences. 

Red sandstone does not successfully resist these influences, 
e,ff. Chester Cathedral is built of this material, and is con- 
stantly needing repairs in one part or another. 

Magnesian limestone is frequently used, and was recom- 
mended by a Boyal Commission, after examining quarries 
and rocks of various kinds, for building the Houses of 
Parliament. Experience has shown that the atmosphere 
of the City of London affects the stone, which already 
shows signs of decay. 

Bricks are made of clay, which is dug up, ground, and 
well mixed by a machine to render it even in texture; 
then moulded, dried and Anally baked in kilns. The 
colour depends upon the composition of the clay and the 
degree of burning— ordinary red bricks contain ferric oxide 
(FejOj) ; Staffordshire hlue bricks have been heated to such 
a degree that the ferric oxide appears to be changed into 
black oxide (Fe,04). These latter are extremely hard and 
much less porous than ordinary bricks. White bricks 
contain very little iron, and frequently chalk is ground 
with the clay. 

Terra Cotta is made from clay, which is more carefully 
prepared than for ordinary bricks. It is used for the 
ornamental parts of houses. 

Firehricksy containing silica mixed with clay, are almost 
infusible and are used for lining flre-places. The best 
fire-clays are found under coal beds — the presence of 
carbon from mineralized vegetation appears to be an im- 
provement. 

Mortar consists of a mixture of water, lime, and sand. 
When it is exposed to the air, the water evaporates and 
the lime hardens, becoming changed into carbonate of lime 
owing to the absorption of CO3 from the air. 

Cement is made of clay and lime which have been ground 
up and heated together, so that silicate and aluminate of 

AD.HYO. 10 
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lime are formed by the reaction of the aluminium silicate 
(clay) on the lime. 

Raman cement is obtained by heating naturally occurring 
mixtures of clay and lime. 

Portland cement — so called from the resemblance in colour 
of blocks constructed of it to Portland stone — is made by 
artificially mixing chalk and the river mud of the Thames 
and Medway. It sets quicker and becomes harder than 
Boman cement. 

These cements when mixed with water form an extremely 
hard stone, owing to the combination of water with the 
aluminate and silicate of lime. 

Concrete is a hard substance, consisting of broken bricks 
and stone embedded in cement. It is used for window- 
sills, foundations of buildings, artificial stone and road- 
making. 

Imitatio7i Terra Cotta is made of concrete with powdered 
brick instead of larger pieces of brick. It is more 
durable than the real article. 



Boofing Materials. 

Roofs may be covered with (1) thin slabs of stone, 
(2) slates, (3) tiles, (4) lead, (5) zinc, (6) galvanised iron, 
(7; vulcanite, (8) thatch. 

(1) Thin slabs of stone (IJ to If inches thick) are used to 
cover houses, where there is an abundance of easily split 
rocks. 

This roof-material has the disadvantage of requiring 
a very strong framework to bear the enormous weight. 

(2) Slate is a hard impervious rock, which can be split 
into much thiner layers than ordinary rocks. This enables 
it to be used with a lighter framework and an excellent 
roof can be made with good slates. They vary in quality 
some being brittle, while others are soft. 

The qualities of a good slate are : — 

{a) Absence of streaks and flaws, or soft and scaly 

appearance ; 
(h) Hardness without brittleness ; 
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(c) Small capacity for absorbing water, i,e, not more 
than 6 per cent, in 24 hours, if eillowed to stand 
in it ; and if at half its depth, the water should 
not rise to the top. 

If these tests are stood, there will be no danger of the 
roof letting in water or absorbing water and making the 
wood supports damp. 

(3) Tiles are made of clay, which has first been worked 
to render its structure homogeneous, and afterwards baked. 

The disadvantages are : — 

(a) They are very porous — if made of ordinary clay — 

and absorb a larger amount of water than slates, 
thus making the rafters damp. 

(b) They are heavy and^require strong supports. 

Some of the best roofing tiles are made at Broseley in 
Shropshire. These are baked like the Staffordshire blue 
bricks, and are not so porous. 

(4) Lead is used for covering irregularly shaped surfaces, 
e.ff* gutters, joinings of slates, flashings, etc., and is easily 
worked and moulded to shape. It is unsuitable for ordinary 
roofing on account of 

(a) Expense ; 

(b) Great weight, which would require very strong 

supports. 

(5) Zine is lighter and cheaper than lead, but it is not 
suitable for roofing dwellings. It requires fixing with 
nails coated with zinc, or when the roof is wet galvanic 
action will beset up between two dissimilar metals in contact, 
and the zinc will be dissolved. In addition allowance has 
to be made for the expansion and contraction of the metal 
due to variations of temperature. 

(6) Galvanued Iron — i.e. sheets of iron which have been 
dipped in melted zinc — is sometimes used for roofs. Iron 
is an unsuitable material, for rust is formed and this peels 
ofE allowing the next layer to be acted on, and thus the 
rust eats through. Zinc and lead oxidise when exposed to 
the air, but the rust does not peel off, it forms a thin 
protective coating which prevents the action going deeper. 
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For this reason, sheet iron is usually coated with zinc or 
tin. 

(7) Vulcanite is formed of indiarubber and sulphur. It 
forms a very light roofing material and from recent 
experiments it promises to be durable. 

(8) Thatch is chiefly used in country districts. The upper 
rooms are warmer in winter and cooler in summer, than 
under a slate roof. 

The disadvantages are : — 

(fl) The necessity for very strong supports ; 

(b) Liability to harbour birds and mice ; 

(c) Danger in case of flre. 



Foundations. 

These should be arranged : — 

(1) To give stability, and 

(2) To keep the upper part of the building dry. 

If the house cannot be ** founded on the rock " owing to 
the depth of the surface soil, this should be dug out, and 
concrete used to form a hard substantial layer. The depth 
and width of this layer will depend upon the height of the 
building, and the weight to be supported. . 

Concrete has the advantage of being : — 

( 1 ) Firm and stable ; 

(2) Impervious to moisture. 

In places where the ground is liable to subside {e.g, 
Northwich, owing to the removal of salt rock in brine by 
pumping) long beams of timber are bolted together and 
placed to form a framework under the walls; so that if 
the ground under part of a wall sinks in, the part over the 
opening remains uninjured, as it is on the timber. If the 
wliole house sinks, it can be raised bodily by means of 
screw jacks and a hydraulic lift, while the hole underneath 
can then be flUed up. Timber^ however, is apt to decay 
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and the houses cannot be taken to a great height, as the 
weight of the walls will crush timber when it decays. It 
woidd be preferable to use wrottght-tron girders for this 
purpose. Cast-iron is unsuitable on account of its brittle- 
ness. Cast-iron is, however, the best material for upright 
supports. 

Where houses are built on ^^ Made^^ soiU^ it is necessary 
to cover the whole site within the walls with a 6 -inch layer 
of concrete, to prevent 

{a) Dampness, and 

{h) Ground-air from rising into the basement, bringing 
with it gaseous emanations from decaying or- 
ganic matter in the soil. 

This would be in addition to the bed of concrete for the pur- 
pose of transmitting the weight of the walls to the ground. 

The danger of ground-air finding its way into dwellings 
is intensified in towns, owing to the impervious coverings 
of the ground by the foundations of the best-laid streets. 

Should there be a quantity of ground air expelled from 
the soil on account of 

{a) Change of temperature, or 

{h) Rise of the level of gpround- water, 

the improtected surface of the soil under the houses is the 
only place through which it can find a way. 

In houses with no gas laid on, cases of illness have been 
caused to the inmates, by an escape from the gas mains 
under the streets. 



Methods for preventiiig Walls becoming damp. 

Damp-proof course. The walls, whether of stone or brick, 
are ve^ ab^bent, and water from the soil is carried up 
them by means of capillary attraction, causing the walls to 
be damp. (An ordinary brick can take up a pint of water in 
its pores.) This evaporates when the rooms are heated by 
a fire, and unless a constant interchange of air is provided 
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by keeping open the windows and doors — thus allowing 
the watery vapour to escape — the inmates are living in a 
vapour bath which may be productive of cold or other 
illness. This climate is not suited for windows and doors 
to be wide-open daily, therefore it is necessary to insert a 
layer or course — impervious to water — ^just above the 
ground-level. This is called a damp-proof course. 

The materials used may be as follows : — 

(1) A layer of cement, spread on when the wall is a 

few inches above the ground-level and com- 
pletely covering the top of it ; or 

(2) A layer of slates embedded in cement ; or 

(3) Asphalt, or coal tar, or slates embedded in either 

of these. 

One of the best methods is to have a layer of slate 
followed by a course of Staffordshire blue bricks, both of 
these materials be- 
ing set in cement. 

Second damp-proof 
course. If the walls 
come in contact 
with the soil above 
the damp - proof 
course — as happens 
when there is a 
cellar to be kept 
dry, and the damp- 
proof course is be- 
low the surface of 
the ground — a 
second course 
should be laid above 
the surface of the 
ground. 

Open area,. A very useful method is to excavate the 
soil from around the walls so that there is a trench round 
the house, which forms an " open area '* and helps to keep 
the walls dry. See fig. 37, which shows a damp-proof 
course and an open area. 
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iVy area. Another method which may be adopted when 
the soil comes above the damp-proof course is to make 
vhat is colled a "dry area." 

A thin wall ia built against the soil, not less than 
8 inches from the main wall. It may be parallel to the 
main wall, or curved as shown in fig. 39. The dry area 



Fig. S8.-8H0WIBO Dammsoop Coubsk *»d w:,r',rp7„ m ..™ 

Dbi Area. '^o o^™^"l 

(Outer vail atroight oi cnrred] . curved. 

between the two walls is covered above the ground level 
with stone or slate, and being drained and ventilated 
it forms an efficient preventitive of damp. Fig. 38 
shows a "dry area" and two damp-proof courses. 
Fig. 40 shows another method of constructing a dry 
area. 
The wall is made hollow, having the outer part 
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thicker than the inner. This tends to beep the 
house 

(a) Dry, for the damp cannot cross the air-space, and 
(4) Warm, as the heat from within is not conduct«d 
away so readily. 
The two parts of the wall may be united by iron ties. 

Cellar or Basement Floors. 

In addition to concrete a layer of asphalt may be spread. 
This forma a smooth non-porous floor for the cellar or 



basement, and keeps it diy. In many cellars no pre- 
cautions are taken ; the bnoka are laid on the soil itself. 
This causes them to be damp and to have a disagreeable 
odour. 
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A rise of ground- water causes an upward moyement of 
the ground-air, and to prevent this passing into the house 
the floor should be impervious to gases as well as to water. 

Kitchen floors. 

Ordinary hoards may be used for a kitchen floor, but 
may harbour beetles, being warm and dry. 

A wood-briek floor, laid on concrete, is much better and 
warmer than either clay bricks or tiles. If the wood-bricks 
are laid with the end-grain upwards they last longer, but 
are not easily cleaned, being liable to retain stams, for 
liquids spiUed on them soak down the grain. 

Tiles are easily cleaned, but are good conductors of heat 
and consequently conduct it from the feet, thus producing 
a feeling of cold in them. 



Other floors. 

These may be made of wood-boarding, viz., (1) spruce, 
(2) pine, (3) pitch-pine, and (4) oak. 

(1) Spruce is sometimes known as white fir and the 
boarding as white deal. 

(2) Pine is in reality red and yellow deal and not fir. 
The above kinds of wood are easily worked, but the 

white deal is not so durable as the others. 

(3) Fiteh-pine is hard and heavy, and being highly charged 
with resinous substances, it is very durable. The resin 
g^ves it a tendency to stick to the tools, causing it to be 
more difficult to work than the other pines. The beautiful 
figure of its grain makes it suitable for ornamental work, 
and its durability renders it suitable for. sills or flooring, 
which will have a good deal of wear. 

(4) Oak is a harder wood than deal and more expensive. 
Canadian oak is much easier to work than English oak, 
but is not so durable. 

Oak is very suitable for stairs and where a specially 
smooth floor is required. 
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The wood used for floors should be well-seasoned, or, 
owing to shrinkage, spaces will soon be formed between 
the boards. Dust and rubbish may fall into these, and 
be stored up to decay, causing danger to health. To 
prevent this, it is advisable to use tongued-and-grooved 
boards, ue, one edge of each board is ploughed to form a 
groove, and the other edge has a projection or tongue cut, 
so that the tongue of one board will fit into the groove of 
the next. Sometimes both edges are grooved and a loose 
strip is used to fit into both boards which join. 

JDry rot is caused by the growth of fungi, the spores of 
which, floating about in the atmosphere, may alight on 
timber. If the conditions are favourable, these germinate, 
insert their roots in the timber, the constituents of which 
they decompose, and so obtain their nutriment. These 
plants rapidly spread over the whole of the timber and 
attack other timbers in the vicinity causing them to 
crumble. They may spread to the bricks and plaster 
and thus endanger the whole structure. The favourable 
conditions are ( 1 ) a warm, humid atmosphere, (2) insufficient 
ventilation, and (3) the presence of any green sap in the 
timber. All floors should, therefore, be made of well- 
seasoned wood and should be well ventilated. 

Slag-wool or Silicate cotton is sometimes used between the 
ceiling of a room and the floor above it. This is a by- 
product of iron-smelting. Being a bad conductor of sound 
and heat, the rooms thus separated, are more conducive to 
health, for the inmates of one are free from annoyances 
from others. 



Floor coyerings. 

It is essential to health that all floor coverings should be 
easily removed. Carpets should not cover the whole floor, 
as their removal necessitates taking out every article of 
furniture from the room, consequently they are liable to 
be left down for a long time without cleaning. They 
should cover the central part of the floor, and the outer 
border can be polished. 
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Linoleum is a useful floor covering. li consists of a 
preparation of linseed oil and ground cork intimately mixed 
and spread in a uniform layer over one side of a sheet of 
rough jute canvas. Colouring matter may be added when 
mixing, and a pattern may be printed after spreading on 
the canvas. 

Oil-cloth is made of coarse canvas which is first coated 
with size and afterwards covered with a layer of very thick 
paint, laid on with a trowel and well worked in. Both 
sides of the canvas are treated in this way ; and when one 
layer is dry, additional ones are similarly treated. Finally, 
the pattern is printed on. 

Wall coverings. 

The surface of the walls should be : — 

(a) smooth, so that the dirt will not lodge on projections, 

and 
{h) non-ahsorhentj so that they will not become damp. 

Glazed bricks form an almost ideal surface for staircases if 
they are properly set. 

Plaster, This is made of lime, sand, and water, mixed with 
cow's hair to make it hold together better. The walls are 
covered with a layer of coarse plaster upon which is placed 
a thin layer of finer plaster. When dry the plaster may 
be coated with colour-wash, lime- wash, paint, or paper. 

Faint is much better than the washes ana can be 
cleaned, but it is more expensive and will not stand 
much scrubbing. Persons should never sleep in a newly- 
painted room as the vapours from the paint are unhealthy. 

Colour-wash. Before a fresh coat of lime-wash or colour- 
wash is applied, the old layer should be removed by 
scraping, as it has absorbed a large quantity of vapours 
from the air, and, if left on, there will be layers of dirt 
and colour-wash accumulating. The colour-wash is made 
by mixing whiting and water, together with a little colour- 
ing matter. Lime- wash is made by mixing quicklime 
(not whiting) and water. In each case a little size should 
be added to make it more adhesive. 
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Cem&nU, There are several kinds of cement used as 
wall coverings or decorations, (1) plaster of Paris, (2) 
Keene's cement, (3) Parian cement. 

(1) Plaster of Paris is obtained by heating gypsum to 

120°F, to drive off the water which is combined with the a 

sulphate of lime : if mixed with water they reunite and i 

form a hard substance. As it is easily moulded, and does | 

not contract on setting it is used for cornices and other 
ornamental work. 

(2) Keene^s cement is made by grinding up a little alum 
with plaster of Paris, and is used for walls. 

(3) Parian cement consists of borax ground up with 
plaster of Paris. This forms a splendid wall covering but 
is expensive and liable to crack. 

Zincrusta- Walton — an invention of Mr. Walton — is an 
excellent wall covering. It consists of a preparation of 
oxidised linseed oil and cork or other thickening material, 
upon which is embossed some pattern. This is very durable 
and almost impervious to moisture, but it is expensive and 
dust accumulates on the projections formed by the raised 
patterns. 

Wall-papers. Although these may be artistic in appear- 
ance, they form a very poor covering as they are — 

(1) Porous and absorbent^ therefore dust and dirt 

adhere, and 

(2) Uhtvashable, unless varnished. 

These disadvantages are accentuated, from a sanitary 
point of view, if another paper is pasted on without 
removing the last one. 

The advantages of paper are — 

(1) It is cheap. 

(2) It may be used to produce an artistic effect. 

Poisonom colouring matter. If the paper has been printed 
with arsenical pigments — especially when the colours 
adhere loosely — the arsenic gradually passes into the air 
and may be slowly absorbed into the system. The effects 
produced are — 

(1) Congestion and irritation of the mucous mem- 
branes ; 
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(2) Hedness and irritation of the conjunctiva ; 

(3) A peculiar eruption of the skin ; and 

(4) Derangement of the digestive system with 

diarrhoea. 

The treatment for the above is generally : — 

(a) ^Removal from the poisoned atmosphere, and 

(b) Administration of tonics. 

It is a popular belief than only green papers contain 
arsenic, but it may be present in any colour. 



EXPERIMENTAL WORK ON CHAPTER VI. 

1. To ihow the porosity of bricks. Take an ordinary brick, heat it 
for some time in a fire to thoroughly dry it. (It takes some time for 
the interior to become dry.) Then weigh it. Next place it in a pail 
of water for an hour or two. Take it out, dry it with a cloth and 
weigh again. The increase of weight will give the weight of water 
absorbed. If thoroughly dry to commence with the brick will be over 
1 lb. heavier. (A pint of water weighs IJ lbs.) 

2. Comparison of bricks and slates. Take a slate and test it in the 
same way. (If the slate breaks in the fire weigh the pieces). The 
slate will be found to absorb very little water. 

3. To test wall paper for arsenic. Fill up a flask for the preparation 
of hydrogen gas, using a delivery tube having a jet. In the flask place 
some pure zinc (not commercial zinc), and pour on this some pttre dilute 
sulphuric acid. When the hydrogen produced has displaced the air 
from the flask, light the gas now being produced, at the jet. Put 
some of the suspected paper into the flask, or better still, pour in a 
solution made by boiling some of the paper. If arsenic be present in 
a short time AsHa will be formed, and the escaping gas will bum 
with a bluish flame. If a cold porcelain dish be held in this flame, a 
bright black stain is produced on the dish. 

N.B. — Antimony also produces a black stain in the same way. The 
stain produced by arsenic, however, is dissolved by a solution of 
sodium hypochlorite (NaOCl) while the stain produced by antimony 
is not dissolved by this reagent. 



CHAPTEE VII. 
HEATING. 

Heat is a form of energy. It produces a vibratory 
motion of the molecules of bodies, and this may be trans- 
mitted from one part of a body to another, or from one 
body to another. 

Heat may be transmitted in three ways : — • 

(1) Conduetton, i.e. the motion is transmitted from one 
molecule of a body to another without a change in their 
relative positions. In this way, heat passes from one part 
of a solid body to another. 

(2) Convection, i.e. transference of the vibratory motion 
of the molecules which at the same time change their rela- 
tive positions. 

If a fluid be heated from below, the lower layers acquire 
more heat energy and the molecules tend to separate ; the 
fluid thus becomes less dense than the superincumbent 
layers, and is drawn downwards by the force of gravita- 
tion with less force than equal volumes of the denser fluid 
above ; hence the upper layers move downwards, and the 
lighter heated layers are forced upwards. 

This action is continuously repeated on the successive 
layers of the fluid which become heated in the lower part, 
so that in time the whole fluid is heated. 

This is the process whereby heat is transmitted to upper 
layers of liquids or ^ases when heated from below. The 
molecules in a liquid have not so much cohesion as those 
in a solid, hence they can change their relative positions, 
(which is impossible in a solid). The ascending currents 
of heated fluids and the descending cooler ones are known 
as convection currents, 
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(3) Radiation^ i.e. transmission of heat through space in 
rays or straight lines, without warming the intervening 
space. 

By this means, heat passes from the sun to the earth, 
or from an open fire to objects in its vicinity. This is a 
very important method in connection with the heating of 
dwellings. The radiant heat from the sun does not warm 
the air through which it passes, but, after being absorbed 
by the earth and other bodies it is radiated again. 

The heat radiated from the earth consists of what are 
called dark heat rays. It is the^e which warm the air and 
the smaller objects it contains. 

An illustration of the difference between these different heat rays 
may be seen in a glass-house. 

The direct rays from the sun pass through the glass roof , but the 
dark rays radiated from objects in the room cannot pass through the 
glass, and 2xq imprisoned in the room, thus greatly increasing the 
temperature. 

Fuel. 

Fuel includes the combustible substances we use to pro- 
duce heat. The chief are {a) coal, {h) coke, {o) peat, {d) 
wood, {e) coal gas, (/) oil, {g) artificial fuels. 

(a) Coal is mineralised vegetation^ consisting of plants, 
which flourished in the Carboniferous era, but have been 
changed by the action of heat and pressure. 

{h) Coke is the residue of coal which has been distilled 
to obtain coal-gas. 

{p) Peat is decayed vegetable matter, similar in origin to 
coal, but it has not been changed so much. It is formed 
in bogs and marshy places. 

{d) Wood is obtained from the harder parts of plants. 

Each of the above materials consists of substances whose 
molecules have been built up under the influence of the 
light and heat of the sun, when the plants were growing. 
The solar energy is changed into chemical energy. When 
these substances are burned the complex molecules break 
down, and relatively simpler molecules are formed. (These 
are chiefly CO3 and HjO). These require less* energy to 
hold their atoms together than the original molecules, and 
the difference is changed into heat energy. 
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(e) Coal gas is obtamed by the distillation of coal in dosed 
retorts. l£e ooal is heated without contact with air, and 
the products of the destructiye distillation are made to pass 
through condensers in which thej are cooled, and coal tar 
and ammonical vapours are condensed and collected. The 
gas is then passed through purifying chambers containing 
moist slaked lime, and ferric hydrate. These remove 
gaseous sulphur compounds, and the lime also removes 
00s. The gas is then stored in gas-holders or gasometers 
for use. The coal left in the retort becomes coke. Char- 
ooal is produced from wood, this being heated to a red heat 
out of contact with the air. 

(/) Oil. Liquid fuels are obtained from Pennsylvania, 
Baku, and Texas. These are supposed to be of organic 
origin, and derived from the remains of animals or plants. 
They may be obtained also by distillation of shales of 
various kinds. 

(y) Becently fuel-blocks, or briquettes, have come into 
use. They usually consist of fine coal or other combustible 
material, cemented together by pitch. Sawdust, spent tan, 
and peat have been used, but have not proved so successful 
as coal. 

The following analyses of fuels will enable a comparison to 
be made as to their constitution and heat producing effects. 
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21 


4,500. 


4. Peat 


57-53 


6-83 


33-65 


1-99 


3,600. 


6. Wood 


40 


4-8 


33-6 


1-6 


2,900. 


6. Petroleum 


86-3 


13-6 


•1 




11,400. 



Note the decrease in the percentage of carbon from (1) to (5) in the 
aboye, and the increase in the proportion of gaseous substances, which 
is suggestive as to the method of formation of coal. 
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Heating Appliances, 

The chief appliamces for heating dwellings and other 
baildings are : — 

1. Open grates. 

2. Closed fires or stoves. 

3. Gas fires or stoves. 

4. Oil stoves. 

5. Hot air apparatus. 

6. Hot water pipes. 

7. Steam pipes. 

1. Open grates. 

Of the various arrangements for the consumption of fuel, 
the most common in England is the open grate. An ordinary 
grate will bum about 8 lbs. of coal per hour. The heat 
produced by burning 1 lb. of coal should suffice (theoreti- 
cally) to raise 4,800 cubic feet of air 10° F. in temperature. 

With the open grate, however, so large an amount of 
the heated air passes up the chimney, that at least 80 per 
cent, of the heat produced is wasted. 

To prevent this excessive waste, various improved 
grates have been introduced. 

Some of the objects their inventors aimed at are : 

{a) Increased radiation of the heat produced. 

(i) Warming of the air entering the room by passing 

it over, through, or round the heating source. 
(c) Decreasing the rate of combustion of the fuel, 
(rf) Decreasing the rate of flow of air up the chimney. 

{a) Increased radiation is accomplished by (1) building 
the fireplace well into the room ; (2) having it constructed 
of firebrick as much as possible ; (3) having the back of 
the grate sloping over the fire to deflect the heat in the 
room. Doulton's grate is a good example of the fireclay 
grate. 

(b) Dalton's grate is one which aims at warming the 
incoming air. The air enters a chamber at the back of the 
grate where it becomes warmed, and passing up a separate 
flue, it enters the room between the mantelpiece and the 
ceiling. Boyd's grate is similar in principle, but the air 
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enters the room immediately under the mantelpiece. (In 
these gi'ates the incoming air should not be in contact 
with red-hot iron surfaces or carbon monoxide may be 
produced.) See fig. 41. 

(c) To limit the rate of combustion the following 
arrangements are adopted: (1) the bottom of the grate 

is made solid and on a level with 
the floor, (2) the depth of the 
grate from front to back is de- 
creased, so that combustion only 
takes place on the top and in the 
front. 

(d) The rate of efflux of the 
air up the chimney is lessened 
by narrowing the chimney, but 
care must be taken that it is 
not restricted too much, or the 
fireplace will not act so well as a 
ventilating agency. 

In addition to the waste of 
fuel, open grates produce much 
dust and dirt. Their great ad- 
vantages are (1) they have a 
cheerful appearance, (2) they are 
good ventilators. 

2. Closed fires or stoves. These 
are generally constructed of cast- 
iron, sheet-iron, bricks, or tiles. 
As the flues leading from them 
are not restricted to a wall, the 
stove can be placed in the midle 
of the room, which will then 
be more uniformly heated than by an open fire at one side. 
The rate of combustion can be regulated better than in 
an open grate, because the fuel is enclosed from the air. 

The disadvantages of iron stoves are : — 

(1) They occasionally produce an unpleasant smell when 
the outer case becomes so hot as to bum the dust particles 
floating' in the air. 
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(2) They increase the drying power of the air, thus 
causing an unpleasant sensation on the skio. This, how- 
ever, is partially prevented by placing a vessel of water on 
the stove. 

(3) They frequently cause headache, on account of the 
absence of ventilation and neglect of the use of water. 

(4) They may produce carbon monoxide (which passes 
readily through red-hot cast-iron) owing to the imperfect 
combustion of fuel caused by the limited supply of oxygen. 
This is especially likely in closed coke stoves. 

Some of the improved stoves have double casings, so 
that the incoming air may be warmed by passing between 
them in contact with the heated surface. Closed stoves 
are more frequently used for houses on the Continent 
and in America than in England. 

A great disadvantage is that they do not assist in the 
ventilation of the room unless special arrangements are 
made. 

3» Gas fires or stoves. 

Some of the advantages of these are : — 

(1) They are clean ; 

(2) They are convenient and save time in lighting ; 

(3) They can be easily regulated ; 

(4) They are more economical than a coal fire, if only 

required occasionally. 

The disadvantages are : — 

(1) They are expensive as a rule — ^the cost varies with 

the cost of gas. 

(2) They vitiate the air of a room, unless a flue is 

provided to carry ofE the products of combustion. 

The chief varieties are : — 

(1) Refractory fuel stoves^ in which fireballs consisting of 
fire-clay and asbestos are rendered incandescent by the 
heat from a row of Bunsen burners and radiate their heat 
into the room. 

(2) Reflector stoves, which have a gas flame with a 
reflector behind. These produce little heat and although 
bright and cheerful-looking are seldom provided with a flue* 
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(3) Conden$ing 8tove8, in which the products of combiistion 
are paBHod into water and partly condensed. (The CO,, 
however, is not condensed.) 

(4) Cahrigen stoves, which provide for the heating of 
the incoming air. These are the most efficient of the gas 
fires. Qef^rge's, Fletcher's, and Bond's are three examples. 
In OeorgeU a coil of iron tubing passes through the body 

of the stove, one end com- 
municating with the open 
air, and the other opens 
on the top of the stove, 
into the room. The heat 
produced by the com- 
bustion of the gas not 
ouly heats the outer case 
but also heats the air in 
the tube which rises into 
the room. Bond^s JEuther- 
mic Stove shown in fig. 42 
is one of the best. ' In- 
stead of a coiled tube 
there is a cylinder which 
occupies a large portion 
of the interior of the 
stove. This communicates 
with the outer air and 
the room, in addition there 
^^^ are air inlets to the bur- 
Y*^ ners at the base, which 
_\ serve as a ventilator by 
withdrawing air from 
the room and causing it 
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ITig. 42.— Vknti LATINO Stovk (Bond's) 



to pass along the fiue into the chimney. 

4. Oil Stoves. 

Those are frequently used in country places, where gas 

is not in use. They are convenient but are not always 

provided with flues to carry off the products of combustion. 

They should have some kind of a radiator fitted over them 

. to deflect the heated air which otherwise may rise direct to 
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the ceiling. The heat-producing power of petroleum is 
greater than that of an equal weight of coal (see table p. 
1 60), but being in a liquid form it requires special arrange- 
ments for its combustion, and is not likely to supersede coal. 

5. Heating by means of hot air. 

In large buildings it is not so satisfactory a method of 
heating to have a fire in eacli of the rooms, for a large 
amount of work is entailed in attending to these numerous 
fires. To obviate this, air is heated in one part of the 
building and is allowed to pass along fiues to the vaiious 
rooms required. The air may be propelled by means of 
fans. 

The arrangements for heating the air are either 

(fl) The heated products of combustion from the 
furnace are passed along a series of flues, while 
the air which enters from the outside circulates 
around them and becomes warmed ; or, 

(h) The air passes along flues which are surrounded 
by the flame and the heated products of 
combustion. 

One very successful form of heating large buildings is in 
use in the Free Trade Hall, and in the Koyal Exchange, 
Manchester. 

Here a stove is flxed in a small chamber in the base- 
ment so that the walls form a casing for it. Fresh air 
enters this chamber from the outside, and after being in 
contact with the large heating surface of the stove, it is 
conducted along flues leading to various parts of the 
buildings. 

To get a maximum heating surface, without increasing 
the fire, the stove has hollow projections from the sides. 
These are called convolutions, and the stove is called a 
convoluted stove. Fire-clay slabs are placed within as a kind 
of false covering to deflect the flame and heated products 
of combustion into these convolutions. Fig. 43 shows one 
of these stoves with 10 convolutions or proiections, part of 
the wall is removed to show the brickwork casing or air- 
chamber which surrounds it wlien in use. The cold air 
passages are shown and the flues to conduct the hot air to 



the building. The products of Gombustioii paes along the 
BULoke-pipe Into a chimney and not nlon^ the hot-air flues. 
A comparison of this with fig. 43a will show the method 
of heating a lai^ building such as a church, or public 
hall. Although more especially suited for large buildings 



Fig. 43.— OosTOLiTTiu 8to"k ih position. 

the Bjetem maj be adapted to the heating of a house as 
shown in fi^. 43b. The late Sir Isaac Holden had hia 
private Turkish bath heated by a stove of this kind. 

6. Hot^Water Pipes. 

In heating buildings by means of hot water, use is made 
of the principles of convection (see page 158). 
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There are two systems of hot- water pipes : — 
{a) Low pressure ; {h) High pressure. 







Fig. 43a.— Convoluted Stove to wahm a Church. 

{a) Low Pressure System. 

Water is heated in a boiler having a pipe leading 
upwards from the top to various parts of the building, 
branching as required. The heated water flows along this 
system of pipes, which finally conducts the water back to 




Fig. 43b.— Warming a House by Hot-Air. 

the lower part of the boiler. Heated water rises and the 
cooled water falls. The pipe entering the boiler is con- 
nected with a cistern, which makes good any leakage or 
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waste through evaporation, and the highest point of the 
pipes is provided with a valve, to allow the air and vapour 
to escape. 

The water being under the ordinary pressure of the 
atmosphere, and not allowed to boil, its temperature does 
not exceed 212° F., and the vapour pressure within the 
pipes is always below that of the atmosphere, 

{b) High Pressure System. 

The boiling point of a liquid is that temperature at 
which the pressure of its vapour is equal to the pressure 
it supports. 

When heat is applied to a liquid from below, the vapour 
pressure increases, and when this becomes equal to tbe 
superincumbent pressure ebullition sets in, and the vapour 
escapes, or the liquid boils. If the pressure is small, the 
temperature of the water will be lower when boiling, than if 
the pressure is greater. At sea-level water boils at 212° F., 
but as we ascend a mountain we find that the pressure 
diminishes and the boiling point is lowered. 

If the water be heated in a closed vessel as in the boiler 
of a locomotive engine, the steam first formed, being 
unable to escape, increases the pressure on the water, and 
additional steam cannot form until the water acquires a 
a higher temperature, so the increased pressure raises the 
boilmg-point. 

The annexed table gives the boiling-point of water at 
different pressures : — 



Pressure (in Atmospheres) . 


Boiling Point. 


1 


212° F. 


1-4 


230° F. 


1-96 


248° F. 


2-67 


266° F. 


4-7 


302° F. 


9-9 


356° F. 


15-4 


392° F. 


27-5 


446° F. 
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In the high pressure system of heating we have pipes 
arranged to form a complete circuit, and these are not open 
to the air so that the temperature of the contained water 
may rise above 212°F. 

A coil of piping is arranged in the furnace, and the 
pipes connected with this pass through the rooms to be 
heated and back to the furnace. At the highest part of 
the circuit a wider pipe is inserted, and this is not com- 
pletely filled with water but contains a little air. The 
steam which is formed accumulates in this expansion pipe, 
and increases the pressure on the water. 

COMPABLSON OP HiGH P&ESSURE AND LOW PllESSURE SYSTEMS. 

Sigh Pi'essure, 

1. Stronger pipes required. 

2. Owing to higher temperature 

of water a less heating sur- 
face is required. (Pipes i" 
internal diameter frequently 
used.) 

3. Only one row of pipes round a 

room is requisite. 

4. The temperature is frequently 

about 300°F., but it is apt to 
vary at different parts of the 
pipes, and very rapidly di- 
minishes if the fire gets low 
for a short time. 

5. The pipes are more apt to over- 

heat the air. 

6. The temperature is regulated 

by fixing the proportion of 
the circuit which is in the 
furnace. For dwelling 
houses we may have -^ of 
the piping in the famace; 
for a disinfecting chamber 
we require a higher tem- 
perature, and may have a 
lajger proportion (\ or ^). 

7. Steam pipes. 

Steam heats more than an equal weight of water, 
because the steam gives up its latent heat whejj 



Low Pressure, 

1. Pipes not so strong. 

2. Pipes three or four inches in 

diameter required to pro- 
vide a larger surface. 



3. Two rows of pipes generally 

required. 

4. Temperature always below 

212°F., and owing to the 
larger volume of water in 
circulation it does not fluctu- 
ate so much as in the other 
system. 
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condensed, in addition to the heat it gives oS. in cooling. 

If water at 212"" F. be changed into steam at 212° F. C 

heat is required to give the molecules sufficient energy 

to overcome the cohesion they possess as a liquid. On 

condensing the vapour, this amount of heat is given up 

again. TMs fact is made use of in heating rooms by steam. 

Steam passes along pipes about 1^ inches in diameter to 

the place to be heated. Here it enters pipes about 6 inches 

diameter where it condenses and the heat given up warms 

the air near the pipes, and also the water produced gives 

ofE heat. Arrangements have to be made for this water to 

flow back to the boiler, and generally another set of pipes 

is employed. This system may be used economically where 

steam is produced in large quantities, as in factories where 

it is used as a motive power. If the rooms to be heated 

are some distance from the boiler, the pipes are enveloped 

in felt, or some other bad conductor of heat, to prevent loss 

of heat during transit. 

The temperature can be regulated by varying the pressure ^* 

of the steam. i 

Steam may also be used to heat water, to circulate at a 
low pressure. Water in the boiler can be heated by having 
a coil of steam piping passing through it, instead of by 
means of a furnace, as is usuaUy done in the low pressure 
system. 

Warming incoming air. 

If hot- water or steam pipes are employed without provid- 
ing for a good supply of fresh air the results are not satis- 
factory. When the incoming air is heated, the best results 
are obtained. This may be done by using Radiators as ^ 

part of the circuit for the water or steam, and having the 
passages between the heating surfaces connected with the 
open air (see fig. 44). 

Cooling air. 

In the tropics, it may be necessary to cool the air which 
enters the rooms ; or it may be cooled for ^ refrigerating 
chamber. 
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To cool air use ia made of the principlds unddrlying the 
foUowing facts : — 

(fl) If a liquid be changed into vapour heat is required. 
This ia taken from surrounding ohjecta, which 
become cooler, unless additional heat be 
supplied. 
(J) If compressed air be allowed to expand, it is cooled. 
To utilise the first, water or wet cloths are placed near 
the inlets. The incoming air in passing over these, gives 
up 8ome of its heat 
and assists in the 
evaporation of the 
water; it then enters 
in a cooler condition. 
The second is the 
piinciple generally 
adopted foi- refriger- 
ating chambers. Air 



sols by means of a 
powerful air-pump, 
the temperature be- 
ing thereby raised. 
The compressed air 
is cooled to the 
temperature of the 
atmosphere by allow- 
ing ccdd water to Cir- ' iHcoimt^'fc'^ " "'"" 
cuTate through pipes 

in the air-vessels. When this cooled air is allowed to escape 
into a larger chamber where it will he at a lower pressure, 
heat is required to expand it, and this is taken from sur- 
rounding objects which are thus cooled. If apiece of meat 
is in this expanding air, heat is taken from the meat, and 
the juices may become congealed or frozen. 

On hoard ships engaged in carrying frozen meat from 
the Antipodes, the air is compressed and cooled, as above ; 
then greatly cooled by paaaing into expansion cylinders. 
From these a current of air, at a temperature below the 
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freezing point of water, is conducted into tlie refrigerating 
chambers, where the merchandise is stored. 



Compariion of the Tarioiu systems of heating. 

In 1889, Dr. Camellej issued a Bepcrt am the CoU tmd 
Efficiency of the Healing and Fentiiation of Schools for the 
use and bj the request of the School Board of Dundee 
(see Chapter II.). The following summary is giren (by 
special permission) from this report, which was founded 
on particulars concerning over 300 schools in various 
parts of Great Britain (150 personally examined). 

Open Fires. 

Advatttoffes. 

(1) More cheerful, 

^2) First cost much Icm than hot-pipe systems. 

(3) Keeps air fresher than hot pipes, owing to draught up chimney. 

(4) So far as the Dundee schools are concerned, the temperature 

in the open fire schools was higher than those heated by 
other systems. 

(5) The rooms of these schools will probably need painting less 

frequently than those heated by other systems. 

Disadvantages. 

(1) Greater labour in service. 

(2) Blightly greater annual cost than stoves or steam-pipes or 

largo hot- water pipes. 
(3^ Unequal distribution of heat. 
(4) Air more highly charged with micro-organisms. 

Stoves. 

Advantaffest 

(\) Bmallost first cost. 
^2) Least annual cost. 

(3) Probably more effective heaters than open fires. 

Disadvantages, 

1) Greater labour in service. 
'2) Hoquire more attention than open fires. 
3) More liable to smoke than open fires. 

(4) More liable to got out of repair than open fires, 
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Hot FipOB. 

Advantages. 

(1) Less labour in service than either open fires or stoves. 

(2) The class is not disturbed as in the case of mending open fires 

and stoves. 

(3) More equal distribution of heat. 

(4) Air less charged with micro-organisms than when open fires 

are used. 

(5) On the whole the annual cost is probably slightly less than 

with open fires^ but more than with stoves. 

DisadvatUages, 

(1) Not so cheerful as open fires. 

(2) First cost much more than in the case of open fire!^ or stoves. 

(3) Air not so fresh as with open fires. 

Comparison of Hot-pipe Schools. 

(1) Small high-pressure pipes are cheaper in first cost than large 

low-pressure pipes. 

(2) In those schools examined the air was better in rooms heated 

by small high-pressure pipes than in those heated by 
large low-pressure pipes. 

(3) It takes longer to get up the heat with large than with 

small pipes. 

(4) Small pipes are less obtrusive in rooms. 

Bath Supply. 

(1) One of the earliest forms of hot-water supply systems 
for house use, is the worm-boiler system. A boiler is placed 
at the side of or behind the kitchen fire, and is supplied from 
a small cistern near. Water is drawn from this for use in 
the kitchen. A long pipe which passes from a cistern in 
the upper part of the house has several coils in this boiler. 
The other end of the pipe passes up to the higher cistern 
and opens over it. Branch pipes fitted with taps enable 
water to be drawn from this pipe for sinks or baths. 

The water in the coil becomes heated and rises up the 
pipe while cold water flows down the other part. This 
system is safe if the kitchen boiler be kept supplied, for 
even if the water in the pipe freezes, the heat which is 
applied to. the water in the coil is not gi*eat enough to 
produce steam in the pipes, so there is no risk of an 
explosion. 
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With this system it is impossible to get a large supply 
of hot water, also when water is taken direct from the 
kitchen boiler cold water takes its place, and thus the heat 
for the pipes is variable. This system, however, is still 
met with. 

(2) A common f oim of hot- water apparatus which is unsat- 
isfactory and dangerous is one in which a small boiler at 
the back of the fire has a pipe bringing cold water to the 
bottom from a cistern, and a pipe passing from the higher 
part carrying water to various parts of the house, arrange- 
ments being made for drawing off water from this pipe 
which opens over the upper cistern. This system is fairly 
satisfactory while in good working order, but if both pipes 
become blocked with ice near the cistern, when a fire is 
lighted the water in the boiler cannot circulate along the 
pipes, steam is formed and an explosion follows. If only 
the cold-water pipe be blocked, the water in the cistern 
boils away, the boiler becomes red-hot, and when cold 
water suddenly rushes in, steam is rapidly formed and an 
'explosion occurs. 

(3) The " Reservoir " hot-water system is one of the best 
forms in use. In this, a metal reservoir is placed between the 
hot and cold supply, and the water heated in it by circula- 
tion from the boiler. The dangers in connection with the 
last system are minimised by having a larger volume of 
circulating hot water so that there is less danger of the 
water in the pipes being frozen, or of the water boiling 
away. 

Fig. 45 shows diagramatically the arrangement of the 
boiler, reservoir, and cistern in this system. 

To prevent accidents it is necessary to : — 

(1) Disconnect from the mains and empty the pipes 

each night. (The water may be allowed to run 
off by means of a tap at the lowest point of the 
■ supply pipe.) 

(2) To have a safety valve fitted to the boiler. 

The common practice of turning the tap a little, allowing 
the water to run all night, is wasteful and is illegal. 



HEATING. 



175 



(4) A "Geyser.** This is a convenient arrangement for 
supplying a bath with hot water and is being adopted in 
many parts where gas is available. 

The Geyser consists of a hollow copper cylinder fitted 
over a number of gas-burners. Another cylinder covers 
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Fig. 45.— Rkservoir Hot-water supply system. 



this, allowing an inch or so of space between the two. 
Cold water flows from the tap over the heated inner 
cylinder, and into the bath beneath. 

The advantages of this are : — (1) It is very convenient, as 
(«) it is possible to have a stream of hot water flowing into 
the bath in less than one minute after lighting the gas ; 
(h) this flow of hot water may be continued indefinitely. 
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(2) There are no pipes required to connect the boiler with 
the bath. (3) There is no danger of the boiler bursting 
through frost or steam. 

The disadvantages are : — 

(1) The stream of water is so thin that it takes a long 

time to fill a bath. 

(2) If the bathroom be large this thin stream of water 

may become chilled in very cold weather, and 
it is necessary to decrease the rate of flow still 
further so that it may be hotter when it leaves 
the geyser. 

PRACTICAL WORK ON CHAPTER VII. 

1. Heat water in a flask. Pour a little magenta solution on the 
water. Note the convection currents set up in the water, which may 
easily be traced by the movements of the dye as the heating is continued. 

2. Place some powdered coal in the bowl of a churchwarden pipe. 
Close the top with clay and place the bowl of the pipe in the fixe. 




Fig. 46. — Apparatus to show Convection 
Currents. 



After a time dark fumes will issue from the stem which are inflam- 
mable. This will illustrate the manufacture of coal gas and coke. 
The coke will be found in the bowl of the pipe. 

3. The above experiment (2) may be performed in a small test tube. 
Place in some powdered coal (i to Jt full) and hold the tube and coal in 
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a Bansen flame. The fumes are easily seen and can be lighted as they 
leave the mouth of the tube. In this case the tar produced wiU be 
seen on the sides of the test tube. The gas may be collected in a 
cylinder over water if required. This would illustarate the gas-holder 
or gasometer. 

4. We can make a comparison between coal and wood if a few 
splinters of wood be heated in a similar tube. Tar is produced as 
with coal, but a much larger quantity of inflammable gas is produced 
from the wood than from an equal weight of coal. Charcoal is left 
behind in the test tube. 

5. To illustrate the convection currents in hot- water pipes. Take 
a glass tube of the form shown in fig. 46, forming a rectangle 12 inches 
by 10 inches, fill with water to the neck. On applying heat to the 
water at one side, circulation will commence. If a little magenta 
solution be poured in at the neck the circulation will be rendered very 
apparent (but cannot be followed after the magenta has worked round 
to the neck) . 

6. To show the latent heat of steam. Place a weighed quantity of 
water in a vessel with a thermometer inserted. Boil water in a flask 
and pass the steam into this other vessel. After a time the water in 
the vessel is raised to 212° F. The heat which has raised this water to 
this temperature has come from the steam which has been condensed. 
If steam has been passed until the water is at a temperature 0/212° F., 
die steam which has been condensed is not lowered in temperature for 
it now exists in the vessel as water at 212° F. ; therefore the steam 
must have been able, when changing its state, to give up heat without 
having its own temperature lowered, i.e. it must have possessed some 
latent heat. 

If, the vessel be weighed again, the additional weight gives the 
weight of the steam which has been condensed so that we can calculate 
how much heat a given mass of steam gives out when changing its 
state. 

If a stream of hot air at 212° F., is passed through the water we 
shall have the water raised in temperature, but the air which has passed 
through is cooled. The air cannot give up heat without having its 
temperature lowered, while steam is able to do this. 
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CHAPTER Vin. 
WATER-CLOSETS AND DRAINS. 

House-pipes. The various pipes which, carry away the 
refuse water from the house, whether from sinks, from 
slop-sinks, or from water-closets, are called house-pipes. 
the water flows from them into other channels which con- 
duct it to a cesspool or sewer. House drains consist of the 
pipes connecting the house-pipes with the cesspool or 
sewer. 

The legal definition of a drain according to the Public 
Health Act, 1875 : 

'' Ih'ain means any drain of and used for the drainage of one building 
only, or premises within the same curtilage, and made merely for com- 
municating therefrom with a cesspool or like receptacle for drainage, 
or with a sewer into which the drainage of two or more buildings or pre- 
mises occupied by different persons is conveyed." 

According to this act a sewer is a drain receiving the drainage of two 
or more buildings, while under the Public Health Act Amendments 
Act, 1890, the combined drain is only called a sewer if the houses 
belong to one owner, (The reason for such distinctions is that Sewers 
are repaired by the Sanitary Authority, and drains are repairable at 
the owner's expense.) 

House-pipes may be made of iron, lead, zinc, or earthen- 
ware. Iron pipes are the best. They should always be 
placed so as to be easily inspected, otherwise there is 
danger in case of leakage. No house-pipe (except the 
soil-pipe from the W.O.) should enter the drain directly, 
but should open over a channel leading to a gully-trap 
which connects with the drain, and the opening should be 
at least 18 inches from the gully. The reason why the pipes 
should not open over the gully is that the danger of 
sewer-gas passing up the house-pipes may be removed. 
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Sinks. 

These are the ordinary kitchen or scullery sinks, and 
may be made of glazed stoneware, or of wood lined with 
copper or lead. They should not be made of porous stone. 
If lead or copper is used, it should not be too thin, as the 
extra cost of a thick metal is very small for an ordinary 
sink and is easily saved in repairs. Copper is brighter 
and has a cleaner appearance than lead. Glazed stoneware 
sinks are the best, but they are rather destructive to glass 
and crockery. 

The bottom of the sink should slope to a grating, which 
should be fitted in a cup-shaped depression in which a plug 
may be inserted for flushing purposes. An overflow pipe 
should be provided, for use in case the supply-pipe is left 
running when the plug is in. The waste-pipe must be of 
the full width of the grating where it leaves the sink, but 
may taper to \\ inches from that point. Just below the 
sink it should be provided with a siphon-trap having a 
3 inch water-seal, and fitted with a screw-cap for cleaning. 
The pipe should open outside, in the air, not into a soil- 
pipe. Tlie waste-pipe and the overflow pipe should each 
be 1^^ inches in diameter throughout. 

Slop-sinks. 

These are used for pouring waste water down, and are 
especially useful in the absence of a W.C. See fig. 47, 
page 180, which shows a recent form of slop-sink. They 
generally consist of a basin, either of enamelled iron or 
glazed earthenware, fitted up in a manner similar to a water- 
closet, except that the waste-pipe need not be so wide as a 
soil-pipe 2 inches to 2 J inches being sufficient. A grating 
is necessary to prevent cleaning utensils or materials (soap, 
etc.) from passing down the waste-pipe. The slop-sink 
should be provided with a flushing cistern like that of a 
water-closet. In many houses there is no special slop-sink, 
and the water-closet is used instead. There are no objections 
to this custom if reasonable care be taken; the lid should 
be hinged and should always be raised before the slop-pail 
is emptied into the closet so that no nuisance will arise, 
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Baths. 

The bathroom should be placed near the outside 
of the house so that waste water can readily be carried 
away. It is becoming customary to place a bath and a 
water-closet in the same room. The objections to this are: 
(I) the W.C. is unavailable for other members of the 
household when the bath is used, and (2) the person taking 
a bath breathes impure air, if there is anything wrong 
with the W.O. fittings. Bathrooms should be well- venti- 
lated. The floors should be covered with some impervious 
material (oil-cloth or linoleum will prove satisfactory), and 
have a cork mat beside the bath. The walls should also 
have a covering impervious to moisture or the steam from 
a hot bath when condensed will be absorbed. 

The waste-pipe from the bath should be completely 
disconnected from the drains, in the same manner as sink- 
pipes, that is (a) with a siphon-trap near the bath, and {h) 
the waste-pipe either joining another (which opens in the 
air) or itself ending in the open air. An overflow pipe 
also should be provided. In some cases, a safe or tray 
is fixed under the bath, as a precaution against possible 
accidents, such as overflow pipe being blocked or a pipe 
bursting. 

The waste-pipes from lavatory basins should be flxed 
with the same precautions as in the case of baths or sinks. 
If the waste-pipes from several basins enter into a common 
one, each basin should be separately trapped, and have an 
air-pipe to prevent siphonage. 

Water-Closets. 

These are used to get rid of excreta by means of a 
flush of water, which carries it along a soil-pipe and drain 
into a sewer. 

An arrangement is required which will : — 

(1) Prevent any sewer-gas passing into the house ; 

(2) Not become foul itself and cause a bad smell ; 

(3) Produce a good flush of water, when required, 

without waste. 
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Fig. 48.— Pan Clobkt. 



The chief kinds of water-closets are — (1) the pan, (2) 
the long hopper, (3) the valve, (4) the plug, (5) the short 
hopper, (6) the 
wash-out, and (7) 
the wash - down 
closet. 

(1) Fan Closet. 
This is very un- 
satisfactory in 
various ways. It 
consists of a con- 
ical basin fixed 
with a cast-iron 
vessel called a con- 
tainer. The outlet 
of the basin is into 
a movable pan of 
tinned copper, con- 
taining a little 
water, which is sup- 
posed to act as a water-seal and prevent foul air escaping. 
Each time it is used the hinged pan is tilted down, and 

discharges its contents into 
the container. The sides of 
the container are inaccessible 
for cleaning and the upper 
portions are out of reach of 
the flushing action of the pan, 
and thus they gradually be- 
come coated with a filthy 
deposit. TV hen the pan is 
swinging down there is no 
longer a water-seal, and a 
gust of foul air rises from 
the container each time it is 
used. 

If the water dries up or 
the pan becomes foul a bad 
smell is caused. To make 
matters worse, the container frequently opens into a **D" 




Fig. 49. — Long Hoppkr Closet. 
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ahaped vessel, which ie abo liable to become a gathering 
place for filth. 

The Model Byelaws issued by the Local Govemment 
Board for the guidance of Sanitary Authorities prohibit 
the fixing of a "Container" or "D" trap to any new 
water-closet. 

(2) The Long Hopper taoset. This consists of a deep 
conical basin ending in an "S" shaped pipe, in which 



(Fig. ».— Valve OuMiT. 

water stands. There is no container, the excreta falling 
straight into the trap and being carried over the projection 
with the fiush of water. Owing, however, to the shape of 
the basin, the sides are apt to become fouled to a great 
extent and the fiow of water fails to cleanse them. This 
ie a cheap closet, but it is not satisfactory tor slum 
property, or common closets, 

(3) The Valve Closet. This closet is noiseless in action, 
but is very expensive and not so efficient aa some of the 
more recent kinds. Instead of a container and a pan it 
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has K tight-fitting: ralve, vhich when released, allows the 
contents of the basin to fall directly into the siphon-trap 
and pass Into the soil pipe. 

Fig, 51 shows an improved patent valve closet which 
differs a little from the one in fig. 50. 



Fig. 51.— Impeoted Vai.tk Ctotrr. [By permlsBion.) 

The objections to the valve closet are : — 

( 1 ) Unless the valve is water-tight, the water trickles 

down and leaves the basin empty. 

(2) If, by any chance, the water in ftie bend of the 

overflow pipe disappears, foul air escapes 
into the house. 

ii (4) The Short Hopper Closet. This is generally made of 
stoneware and is a great improvement . on the Long 
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Hopper. It has a smaller surface to be flushed and is 
cleaner. The basin fits into a stoneware trap in which the 

excreta falls direct. 

There is occasionally 

a difficulty in joining 

BAstN g the stoneware trap to 

a metal pipe, and special 

joints are required. 

India-rubber is some- 

^ ^ ^ __ times placed between 

"''^*"^"''^ ^ M \ ^^® flanges of the 

2 I stoneware and the lead 

3 I pip©> but it is apt to 
" • decay. There are some 

Pig. 52.— Shokt IIOPPKR Closet. patent joiuts (^.y.Doul- 

ton's, and Twyford's) 
in which a lead pipe is soldered to the stoneware by a 
special process, before it is fixed, so that the soil-pipe has 
only to be connected to lead, which can be made water- 
tight very easily. 




(5) The Wash-out Closet. 

This is constructed of stoneware, and differs from the 
short hopper, as follows : — 

(1) The basin and trap are 

constructed in one 
piece. 

(2) The basin is shaped 

so £U9 to form a 
shallow container 
into which the ex- 
creta falls. 

The flush of water carries 
it over the ledge and into the 
siphon-trap below. The layer 
of water is placed in the basin to prevent it being fouled 
by excreta. 
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Fig. 53.— Wash-out Closkt. 
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The aieaHtaget are : — 

(1) It IB cheap. 

(2) It has no mechanical parte to get out of order. 

(3) It is open to inspection. 

(4) It is not necessary to enclose it in a case. 

T/ie diiadvantagei are : — 

(1) The water in the basin is not sufficient to cover 

the excreta and is apt to splash, 

(2) The splashing causes portions of the basin to be 

fouled in a position out of reach for cleanaing. 
This may cause the glaze to crack, thus render- 
ing it absorbent instead of impervious. 

(3) The basin interrupts the downward flush, so that 

the water loses the energy gained by the direct 
fall from the cistern and only partly clears the 
trap which may become fouled by deposits on 
the sides and give rise to bad smells. 

(6) The Waflta-down CloBet. 

This is one of the best water-closets in use. It differs 



^ 



from the short hopper in that the basin and trap c 
one piece. 




Fig. 54a.— Jknnino's Dekp-skal Wash-hown Closkt, 
(By permission of O. Jennings & Co.) 
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There should be sufficient water in the basin to prevent 
the excreta fouling the sides. It is then not open to the 
objection of splashing as in the wash-out closet, nor does 
the flush of water lose its force owing to an intercepting 
container. 

(7) The Self-flushing Closet. 

There are various contrivances in existence to render the 
flushing of the closet independent of the users. One of 
the old forms is shown in fig. 55, in which weights attached 
to the back of the seat cause this to tilt up when it is 
released. At the same time a lever arrangement ensures 
a flush. An advantage of a self-flushing arrangement is 
that if used as a urinal or slop- sink the seat cannot be 
fouled through carelessness. 

** Closet of the Century." 

A recently introduced and good type of water-closet is 
the improved "Closet of the Century," a figure of which 
is reproduced by permission of the inventors. 

The service-pipe from the cistern has two connections to 
the closet — one leading into the basin in the usual manner, 
the other leading into the top of the long leg of a siphon- 
pipe. The flush from the cistern is thereby divided into 
two streams — one flushes the basin, the other rushes down 
the *4eg" J9, expels the air through the pufE pipe -E', starts 
the siphonic action, and empties the basin, which is refilled 
with clean water by a simple after-flush arrangement in 
the cistern. 

Fig. 56a shows this fitted with a water waste-preventing 
cistern, and joining the drain beneath the ground level. 

Pipe A is taken up to the level of the cistern and left 
open to admit air to the siphon-leg i), thus preventing 
siphonage when slops are poured in the basin C, The pun 
pipe E passes through the wall and is left open as shown. 

Flushing cisterns or water waste-preventers. To prevent 
the flushing of closets from being imperfect though care- 
lessness, many plans have been devised for ensuring that 
once the flow of water is started it will continue until a 
given volume has been discharged. A good arrangement 
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Fig. 56a. — "CLogBT OF thkCkntuut" 
(Fitted). 

(By permiBsion of O. Jennings & Oo.) 
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is shown in fig. 57, When the plug is removed, water 
rushes down the pipe and sets the siphon into action ; 
then, even if the plug is replaced, the pressure ot the air 
keeps the water flowing down the siphon until the surface 
is lowered so much that air is admitted to the ahort end of 
the aiphon-pipe. Sometimes an air-tube is fixed to the 
upper bend of the siphon. The volume of water to be 
discharged can then be regnlated by varying the length of 
the tube. The shorter the tube, the less the volume which 
flowSj as air is admitted sooner. A ball-tap is used for 
automatically refilling the cistern after discharge. 

The cistern may be made of enamelled iron, or of wood 
lined with lead. 

The quantity of water required for flushing a closet is 
3 gallons, and to prevent waste it should not exceed 
3^ gallons. The flushing cistern should be placed 6 or 6 
feet above the basin, and in no case less than 4 feet. The 



pipe which carries the water to the W,0. should be 1 J to 
li inches in diameter. 

Soil-pipes. The pipes which carry excreta and other 
refuse from water-doseta to drains are called mil-pipet. 
As far as possible they should be placed outside the house 
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and not exposed to the action of the sun's rays, or they 
may become bent, or the joints may open owing to 
expansion. A soil-pipe may be made of lead or iron. 
Brawn lead pipes are the best kind, but are expensive; 
seamed lead pipes should not be used. Iron pipes are cheap, 
but often have a rough surface, which may corrode. If 
iron pipes are used they should be coated by Angus 
Smith's method, as for water mains. The soil-pipe should 
be 3J inches to 4 inches in diameter. If it be wider 
there is {a) a larger surface to be flushed, (i) a greater 
area on which deposit may take place, (<?) extra cost 
without extra advantage. 

The joints of iron pipes should be caulked with molten 
lead, but, owing to the difficulty in making a perfect joint, 
iron should never be used for pipes within the house. 
Brawn lead pipes should be uniform in thickness, and 
shoidd weigh from 7 to 8 lbs. per ft. A soil-pipe should 
always be ventilated by being carried up full bore above 
the eaves, and should terminate away from all chimneys 
and windows. There should be as few bends as possible 
in the ventilator. If it is necessary to deviate from a 
straight line, rounded curves, instead of right angle bends 
should be employed. 

Trough Closets. These consist of a long metal or 
earthenware trough placed under a series of closets built 
side by side. The seats are all arranged over the trough 
which is partly filled with water and into which the excreta 
from each falls. The bottom slopes towards the drain, 
and at the end a ridge is placed to keep the water in the 
trough. It has been described as an elongated wash-out 
closet, with a number of separate seats. The upper end is 
connected with a flushing tank, which may be automatic, 
or only used when the attendant cleans them out daily. 
The volume of water required in the cistern depends upon 
the number of closets connected with the trough, the con- 
tents of which are carried by the flush through a trap into 
the drain. A few bars may be fixed over the opening to 
prevent unsuitable articles passing into the trap and 
blocking it, but these should be arranged so that aU 
ordinary matter may pass between. 
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The advantages are : — 

(1) They are well adapted for acliools, factories, or 

axtizans' dweUings. 

(2) They are not ao liable to get out of order with. 

rough usage. 
A large drain and a plentiful supply of water are required 
to cany the contents away. 

The disadvantages are : — 

( 1 ) They require a very lavish supply of water, 

(2) They are expensive to £t up at first. 

Slop-closeta. These are used where it ia necessary to 
economise water, and the waste water of the household is 
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used for flushing. There are two classes of slop-closets : — - 

(1) Those ia which the water runs directly to the 

closet. 

(2) Those in which a certain volume of water ia 

collected and discharged with sudden force. 

AD. BTO, 13 
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The fig^are of a slop-closet shows one arrangement. The 
water from a sink falls through a grating, beneath which 
a tipper is placed. Fig. 58a shows a tipper. It consists 




* .\ 

Fig. 58a.— TippKS FOR SLOP-Grx>BicT. 

of a metal vessel so shaped and pivoted that when it is 
filled it overbalances, and the whole of its contents 'are 
discharged. In some cases the water flows into a cistern 
with a siphon arrangement, so that when the water 
reaches a certain height the contents are siphoned off. 
Owing, however, to the greasy nature of slop-water, this is 
not so satisfactory as the Tipper system. Sometimes (as 
in Day's closet) the tipper is used as the receiver for the 
excreta and for sink water ; it is placed immediately under 
the seat, and the sink water carried to it by the drain. 
The tipper should hold about 3 gallons, but, if it receives 
water to flush two or three closets, it should hold 5 gallons. 

Advantages of slop- closets : — 

(1) There is not much danger of frost interfering with 

their working, as most of the pipes are placed 
at a sufficient depth. 

(2) They are economical, as only waste water is used. 

(3) There is a less quantity of sewage to be dealt 

with. 

JHsadvantages. 

(1) They are not so clean as ordinary water-closets. 

(2) The sewage is concentrated and requires special 

treatment, as it rapidly putrifles. 

(3) The ventilation of drains is more complicated. 
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Drains. 

Drains are required to carry waste water, excreta, etc., 
from the house-pipes to a sewer or cesspool as rapidly as 
possible. 

Gk>od Drains should : — 

(1) Be smooth and permit a rapid flow of water ; 

(2) Be non-porous and weU-jointed to prevent ground- 

water entering ; 

(3) Not allow sewage to escape and percolate the soil; 

(4) Be disconnected by traps from the house and the 

sewer so that they will not act as channels to 
convey sewer-gas into the house. 

Bad Brains. A drain is bad : — 

(1) If it has sharp comers which prevent a rapid flow 

of water, or has a rough surface; 

(2) If it is porous or has faulty joints ; 

(3) If the drain is always full through being laid in a 

water-logged soil ; 

(4) If the drain is imeven through subsidence of soft 

soil in which it is laid ; 

(5) If it fails to comply with any of the requirements 

of a good drain as shown above. 

Construction and Ventilation of Drains. 

The chief principles to be observed in constructing 
drains are : — 

(1) The pipes should be of earthenware, perfectly 

joined with a smooth interior, well glazed, and 
free from flaws or cracks. 

(2) The gradient should be 1 in 40 in 4-inch pipes, 

but short drains may have a fall of 1 in 10. 

(3) The trench in which they are laid should not be 

dug out to a greater depth than is necessary, 
as this entails replacement of some of the soil, 
and there is a risk of subsidence, owing to the 
bed being insecure. 
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(4) They should be laid on a bed of concrete^ 4 inches 

tnick, unless the ground is naturally solid. 

(5) They should not be laid under a house or near a 

well; if this, however, is unavoidable, they 
should be embedded in concrete. 

(6) They should be as straight as circumstances will 

permit; if a bend is necessary, curved, and 
not straight pipes should be used. 

The accompanying figures show the differences between 
a joint with two straight pipes and one with curved 

ones. The first forms 
angles which check 
the fiow, and as one 
pipe does not fit into 
the other, an imper- 
fect joint is produced 
which is liable to leak. 
Branch drains 
should not join at 
right angles to the 
main drain, but a V- 
shaped pipe should 
be used as in fig. 60 
below, instead of 
knocking a hole iu the side for the branch drain to flow into. 

If a branch drain 
enters at right 
angles, substances 
are splashed and be- 
come dry on the 
sides of the drain 
above the water line, 
and in time these 
produce an obstruc- 
tion. 

Joints. To prevent water soaking into or sewage 
escaping from the drain, it is necessary to have good 
joints. The best Portland cement should be used. Clay 
is not satisfactory. A good method for ordinary drains is 
to steep some yarn in very fluid cement : this should be 




Fig. 59. — Joints, with Straight Pipes and 
Gtjkvbd Pipes. 




Fig. 60. — Junction Pipe. 
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well padded in the socket of the pipe, round the spigot 
end 01 the one which fits into it; and then complete me 
joint with stiSer cement. 

Various patent joints have been introduced, which it 
may be necessaiy to use when pipes have to be made 
water-tight to be laid in a water-logged soil. Stanford's 
improved pipe joint is a good form. The tightness ia 



obtained by caBting upon the spigot, and in the socket of 
each pipe by means of moulds, rings of a durable material 
which, when put together, fit mechemically into each other. 
In ^laying these pipes the rings are first smeared with 
grease, and then the spigot of one is firmly inserted into 
die socket of the other. The composition on the spigot is 
convex in shape, and thus allows for slight movements to 
which the pipes may he subjected after laying, without 
causing the joint to leak. 

1 i Another good joint is Hassall'* (fig. 62). In this two 
bands of bituminous material are cast on lie two ends of 
each pipe so arranged that the space between the two 



Fig. 62.— Habsall'b Pipi Joibt. CrhiashoTrBOaa aideotpipe.) 

bands forms an annular space. Two holes are arranged 
in the socket end, so that when the pipes are laid liquid 
cement may be poured in one to Ml this space nntu it 
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oretflows at the other- The joint is thns encircled bf a 
hand of cement in addition to the bitiuninoas matenaL 
The patent joints are expensiTe, bat irhere drains are to 
be permanent the extra cost is saved in repairs. 

Care should be taken in making the junction of the 
■oil-pipe and the drain eatiefactory. The oeoal practice 
ia to introduce the plain end of the soil pipe into the 
socket end of the drain and then cement the joint. 

A better form of joint is shown in fig. 63. The soil- 
pipe is continued some distance in the pipe and has a lead 



flange which rests on the edge of the socket. The space 
above this is filled in vith cement. There thouid belno trap 
b>lie»m the toil-pipe and th« hotue-drain. 

Ventilation. 
It is neoessarj to ventilate the soil-pipes and drains to 
prevent an accumulation of impurities which might pass 
into the house. The soil-pipe should be ventilated by 
being continued full-bore upwards to a height sufficient to 
prevent ascending air being carried in at a window or 
chimney. There should be as few bends as possible is 
this pipe. Sometimes a cowl is fixed on the top of the 
ventilator, but its advantage is doubtful. 
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The drain should be ventilated where it joins the sewer. 
Buchanan's disconnecting and ventilating drain trap is a 
good form to use. 



rRCSH AIR 
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DRAIN 




TO SClVf^ 



Fig. 64.— Buchanan'8 Discomnrctino and Vkntilatino Tbap. 

The sewer-air is prevented by the water in the bend 
from gaining access to the drain, and fresh air enters 
from the opening above. 

Another method is to place a manhole at the junction 
with an open grating. The drain should be continued 
along the floor of the manhole by half -pipes so that the 
sewage can be seen flowing, with a trap between it and 
the sewer. 

Traps. 

A trap is a contrivance which prevents the passage of 
sewer-air into a drain, or from house-pipes into a house. 

This is done bv the interposition of water between the 
inlet and the outlet. 

There have been many forms of had traps in the 
past, such as — 

1. The mid-feather trap ^ 

2. The " Bell " trap ; 

3. The "D" trap. 

1. The mid-feather trap is also known as the dipstone or 
mason's trap. It consists of a rectangular brickwork box 
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Fig. 05.— The Mid-Feathsr Tkap. 



into which water flows from the honse-pipe or drain 

and then passes out on its 
way to the sewer. A slab 
of stone is built vertically 
into the walls to divide 
the upper part into two 
sections. This is arranged 
to dip into the water, 

as shown in the figure. The water which is left in 

the trap prevents gas passing the partition. 

Objections to its use : — 

(1) The water in the trap may evaporate and sewer- 

gas will then pass under the vertical partition. 

(2) The shape of the trap prevents it being cleaned, 

hence matter accumulates in it to the detri- 
ment of health. 

2. The bell trap consists of a receptacle or box with a 
grating for the upper covering, and attached to this is a 




t^cp 



Fig. 66.— Thr Bkll Trap. 

bell-shaped piece of iron which dips into the water. The 
outlet pipe opens under the bell as in the figure. Any gas 
from the sewer gathers in the bell without passing to the 
drain, for the beU dipping into the water prevents it. Bell 
traps are frequently used for sinks, but should be discarded. 

Objections to its use : — 

(1) The trap is valueless whenever the grating is 

raised, and this with the attached beU is liable 
to be left ofP. 

(2) "Water may evaporate as in the dipstone trap. 

(8) The shape of the box favours accumulation of filth. 
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3. The ^'D" Trap consists of a vessel shaped like the 
letter D (hence its name), and was formerly much used for 
water-closets, see fig. 48 of pan-closet. 

Objections : — 

(a) Too much surface is exposed to be coated with filth. 

(h) There are too many angles and bands, which pre- 
vent it being self cleansing. 

(c) The accumulation of filth thus caused gives rise to 
bad smells. 

Two more recent traps are : — 

1 . The Siphon Trap ; 

2. The Gully Trap, 

1. The Siphon Trap is a very useful kind, and in its 
simplest form consists of a bend in a pipe. The following 
are the objections to this form : — 

(fl) Insufficient depth of water to form a good water- 
seal. 

{h) No means of cleansing it if a sediment forms in 
the bend. 

{c) No ventilation, see fig. 67a. 

Fig. 67 B shows one with a pipe for ventilation of the 
trap, but this pipe does not allow for cleaning or venti- 
lating the drain beyond, and there is generally a tendency 





Kg. 67a.— SiMPLK Siphon Trap 
(Without Ventilation). 



Tig. 67b.— Siphon Tkap 
(With Ventilation). 



ior the lighter filthy matter to float on the surface and 
accumulate in this pipe. 

A form which is free from these objections is shown 
in fig. 68. The ventilating pipe may extend above the 
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surface of the eroimd; there is another opening with a 
cap, which may De nsed to deap the drain beyond, and the 
inlet is well above the outlet, which ntateri^y aeaista the 
flush. 

Another good form ie Buehanan't diteontuettng and pmli- 
htinff trap, see fig. 64. 



Fig. 88.— lMf«o»«B SiPBOM Trap. 

A simple eiplion trap which may be used for the sink la 
shown in fig. 69. It is called, from its shape, an " 8 " 
trap. It is essential that an opening, 
fitted with a screw-plug, be arranged at 
the lowest bend for cleaning it (as 
shown in the figure.) 

Siphonage. There is one danger in 

connection with the siphon trape; when 

the trap with the inlet and outlet pipes 

are running full the pressure of the air 

on the inlet end, may force the wliole of 

the water out (as in an ordinary siphon). 

To prevent this tiphonage, or unseaUng 

^^ ^^ of the trap by nphon action, the trap must 

roil Bibb. "*'' he arranged so that there is air at the 

outlet, to counterbalance the pressure 

at the iulet end. This is best secured by having a pipe 

which opens to the air at the highest point of the bend. 

For examples of this see fig. 72. If the whole of the 
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Bipbon ie meide, the ventilating pipe of the siphon may be 

carried through the wall. The " Anti-D trap" [fig*. 70), 

BO styled by its inventor, 

Vb, Hillver, is one which is 

not Bubiect to siphonage. 

The ouUet ie square, and, 

being larger than the inlet, 

the whole of the air is not 

displaced from this end. The 

bend of the trap is less in 

diameter than the inlet or 

the oudet pipes. 

Note the atnngementa to pre- 
vent dphouage in the diafirams ol 
W.C.'b in the preceding %uTee. 

2. GnUy-ttaps. 

These are useful for washings of the yard, waste water, 
and rain water, but should never be placed inside the 

The diagram shows a yard gully with a grating above 
and a moveable pan at the bottom to be lifted out with the 
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rubbish which has fallen into it. The house pipe should not 
open immediately over the KuUy, but into an open channel 
18 inches from it. (Model oye-Uwa of L. Q. Board.) 
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Oood traps. 

1.- They should have a water-seal of at least 1^ inches in 
depth to form a certain barrier to gases. 

2. They should have no projections or angles for the 
deposit of filth. 

3. They should be situated so that they can be easily 
flushed with sufficient force to clear them without causing 
siphonage. 

4. They should be seU-deansing. (Mason's trap, and 
*' D " trap fail here.) 

5. They should be ventilated. 

Faults in traps. 

1. Liability to unsealing through evaporation of the 
water, if seldom used. 

2. Liability to unsealing through siphonage unless 
guarded against. 

3. Pressure of gas may force water out. (Ventilation of 
drain prevents this.) 

4. The water may absorb sewer -gases at one opening tmtil 
it is saturated and these gases wiU be given off at the other 
surface unless frequently used. 

5. They always obstruct the flush of water to some 
extent. 

6. Some are fllthy and should be discarded altogether if 
not self cleansing. 



The student should make a careful study of the model 
arrangement of house-pipes for bath, W.C., and sink, 
sketched in fig. 72. Note particularly the following 
details:— 

1. The W.O. cistern is entirely separate from the supply 
cistern. 

2. The soil-pipe is ventilated. 

3. The siphon-traps have an air-pipe to prevent siphonage. 

4. The waste-pipes from bath and sink over a gully-trap. 
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PRACTICAL WORK ON CHAPTER VHI. 

1. Examine the different forms of W.C. which are available, to 
verify the text-book descriptions. 

2. By means of glass tubing, make a model of a siphon trap. If 
water coloured with magenta be poured in, it will be seen that the bend 
retains water (which acts as a barrier to sewer-gas in a real trap). 

3. Make a simple siphon by bending a glass tube of about a foot in 
length, so that one leg is 4 inches and the other 8 inches. When this is 




Fig. 72.— House Pipes for Bath, "W.O., Sink. 



DRAIN 



filled with water, and the short end placed in a vessel of this liquid 
with the longer end hanging over the side, the pressure of the air will 
force water over the bend and the water will flow until air enters the 
siphon. This wiU illustrate siphonage. 
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Sewage may be defined as water containing certain 
refuse substances in solution and in suspension. It is 
composed of : 

1. The urine and faeces of human beings and animals. 

2. Slop-water, including water used in cooking, 

washing, cleaning, etc. 

3. Bainfall. 

4. The waste water of factories. 

For a mixed population the daily average of excreta per 
head may be talcen to be 2^ oz. of faeces and 40 ozs. of 
urine. The manurial value of the urine is about ten times 
greater than that of the faeces. When diluted with the 
water from water-closets the addition of these matters to 
the sewage of a town has very little effect upon the com- 
position or the manurial value of the sewage. According 
to the first report of the Rivers Pollution Commission the 
value for agricultural purposes of 12 tons of sewage from 
towns without water closets is equal to 10 tons of sewage 
from towns with water closets. 

The average compositions are thus compared : — 
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The above numbers represent parts per 100,000. As a 
matter of fact it is quite impossible to prevent access of 
urine to sewage. This being the case it makes but little 
difEerence whether the solid matter is included or not. 

Both faeces and urine decompose but slowly if not 
mixed with water, but when it has been added to them 
decomposition sets in within 24 hours, resulting in the 
evolution of foetid organic gases. If these are evolved 
near the dwelling house they may injuriously affect health. 
It is important therefore to prevent the mixing of the 
excreta with water as long as they are retained near the 
dwelling, and, on the other hand, if they are allowed to 
mix with water, means must be provided for their imme- 
diate and thorough removal. 

The treatment of sewage is usually considered under two 
heads — the conservancy systems and the water carriage 
systems. 

Conservancy Systems. 

1. The Privy or Midden System. The old-fashioned 
plan, still often met with in country places, was to dig a 
hole in the g^und at the back of the closet. This received 
the excreta for an indefinitely long period. If the soil 
happened to be porous the liquid part quickly percolated 
downwards and polluted the ground water, while the 
decomposition and liquefaction of the more solid constitu- 
ents kept pace with their production, so that such middens 
never required emptying at all. Where the soil was more 
impervious the pit gradually filled up and was emptied at 
long intervals. The more modem midden consists of a 
comparatively water-tight shallow pit which receives the 
excreta and into which are thrown the ashes from the 
house. It should be at least 6 feet away from any dwelling 
and 50 feet away from any spring, well, or stream. Bain 
must be excluded by a suitable roof, and proper ventilation 
must be provided. To enable ashes to be readily mixed 
with the excreta the seat should be hinged. The capacity 
should be smaU so that a removal of the contents is fre- 
quently necessary. The floor of the privy must be 6 inches 
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above the ground outside, and should slope towards the 
door. It should be made impervious by covering with flags 
or tiles. Means of access for the scavenger should be 
available without passing through the dwelling, and, 
lastly, the midden must not be connected with any drain or 
sewer. Under these conditions there seems a great deal to 
be said in favour of the midden system, especially for 
small houses. Properly managed they should give rise to 
no pollution of the air, especially if people are instructed 
to apply the ashes and cinders uniformly over the excreta, 
thereby ensuring dryness of the contents. The advantages 
of this method over the water carriage system lie in the 
fact that there is no possibility of anything getting out of 
order and that it is independent of aU weathers. 

!nLe Pail or Tub System. These are really middens on a 
small scale. The seat of the closet has a tub or pail placed 
under it for the reception of the excreta. The pail should 
be made of galvanised iron with a well flttinglid, and must 
be perfectly water-tight and nearly air-tight. At intervals 
of not more than a week it is removed and a clean one put 
in its place. Such is the outline of a system that is un- 
doubtedly superior to the midden system for towns. The 
details vary in difEerent places. In some — Nottingham for 
instance — the ashes of the houses — with or without sifting 
— are added to the excreta by the people using the closets ; 
while in Birmingham and other places a separate tub or 
galvanised iron bin is provided for the ashes. At Halifax 
the Goux system is in use. It consists in providing the 
pails with an absorbent lining of peat, shoddy, tan, or 
refuse sawdust. On the whole this method has worked 
well. With frequent and regular removal the pail system 
works very satisfactorily, and is independent alike of 
climatic conditions and the ignorance of the lower classes. 

Dry Earth System. This is undoubtedly the best of the 
conservancy systems. Faecal matter, with which dry earth 
has been mixed, becomes not only inoffensive, but after a 
short time, unrecognisable as such. This absorbent and 
deodorising action of earth is dependent upon minute 
organisms or bacteria which are in the soil. These effect 
the conversion of nitrogenous matter into ammoniacal 
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compounds, and these, by procesees of oxidation are resolved 
iato nitrites and nitrates. The best soils for this purpose 
are moderately dry and loose loams, garden soils, dry clay 
and brick earth. Sand, gravel, and chalk are unsuitable 
and inefficient. The method of use is to cover each stool 
at once with one and a half pounds of dry earth. This is 
found to be sufficient to remove all smell and to form a 
" compost " which is suitable for potting plants, but is by 



no means a rich orvaluable manure. When the pail is full 
its contents may either be applied at once to the garden or 
removed to a dry shed where, after frequent turning over 
and exposure to the air, the earth may be used again as 
many as eight or ten times. Automado closets, which 
apply a measured quantity of dry earth at each use, are 
obtainable. One is shown in fig. 73. The handle of the 
closet is connected with a receptaole behind and above the 
AD. HT0. 14 
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seat, which delivers the regulated quantity into the pail 
when it is raised. 

The earth closet requires the closest attention and the 
most constant supervision if it is to be quite free from smell. 
It should never be placed inside a house. The personal 
attention which it requires and the diiHculty of disposing 
of the large bulk of residue should prevent this method 
from ever being adopted in towns. For country houses, 
farms, asylums, workhouses, etc., where there is usually 
plenty of space for the storage of the earth, and unlimited 
labour is available under proper supervision, the earth 
closet forms almost an ideal method of disposal of 
excreta. 

Disposal of Slop-waters. None of the conservancy 
systems deal with the liquid refuse. The disposal of this 
necessitates a system of drainage similar to that whicli is 
necessary when water-closets are in use. In small villages 
and isolated houses the'slop- water is often carried by a drain 
into a hole in the garden where it stagnates and becomes 
offensive. If run into a pervious cesspool it may pollute 
neighbouring wells, and if into a stream the result will be 
practically as bad as if it contained the solid excreta as well. 
There are several alternative good plans for the disposal of 
this waste matter. 

{a) The slop-water may be run into cesspools rendered 
impervious by cement and well puddled clay. At compara- 
tively short intervals the contents of the cesspool are utilised 
on the garden ground by means of a pump or hose. 

{b) Aiiother method is to pass it through a coke or ash 
filter at a distance from the house. 

(c) Where the soil is porous the best plan is perhaps by 
mb'irrigation. An ordinary drain conveys the slop-water 
away from the house and is then connected with a system 
of porous pipes laid about 5 feet apart at a depth of a few 
inches below the surface. These pipes are laid with open 
joints to allow of a free escape of the liquid into the soil. 
The liquid is purified by the soil and, if necessary, may be 
collected by a system of under drainage about 3 feet below 
the surface. As a rule it is found necessary to use an 
automatic fiush t^nk in connection with this system so as to 
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send the liquid the whole length of the pipes at each dis- 
charge of tlie tank, otherwise the liquid penetrates only a 
short distance along the sub -irrigation pipes, which soon 
become choked with deposit. 

The Water Carrla^qe System. 

The chief aim of the conservancy systems described 
aboye is to utilise as much as possible the manurial value 
of the excreta, and in villages and country towns this is 
the proper course, especially as it is of the utmost im- 
portance to preserve the purity of the neighbouring rivers 
and streams. In large towns, however, the case is quite 
different. Here the waste water can only be got rid of by 
sewers, and the addition or not of the excreta makes very 
little alteration in the composition of the sewage. The 
volume of the sewage, on the other hand, is very greatly 
increased by the adoption of the water carriage system, in 
fact an increase of six gallons per head per day must be 
allowed for this purpose. In many cases such an increase 
is a matter for very serious consideration, especially with 
inland towns, where an insufficient fall necessitates the 
pumping of all the sewage for the purpose of proper 
treatment by land or otherwise. An absolute necessity 
for the proper working of water-closets is a first rate 
water supply, and in places where the supply is limited 
the saving of 6 gallons per head per day is very important. 
To obviate this difficulty various forms of slop-closets have 
been devised for utilising the ordinary house waste water 
to flush the water-closet. These have been described in 
the previous chapter. Another disadvantage of the uni- 
versal adoption of water-closets is their liability to be put 
out of order by frost or by obstruction produced by foreign 
bodies being thrown into them. It should also be remem- 
bered that the lower classes as a whole cannot be depended 
upon to aid in the removal of the excreta, even to the 
extent of pulling a chain each time the closet is used. A 
water-closet stopped up by frost or carelessness is possibly 
a more active agent in the spread of such diseases as 
typhoid fever than a paU-closet or even a modem midden, 
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because in the former case the receptacle is immediately 
filled to overflowing with excreta and water, and these 
soon get scattered over the floor of the closet and often 
about the yard outside. This matter eventually dries and 
is scattered through the air in the form of dust, and may 
be an important factor in the spread of disease. Pails 
should stiU be provided by the authorities for the use of 
the very poor, ignorant, and reckless classes who cannot 
be trusted to keep water-closets in a proper condition. 
The liability of water-closets to all kinds of malicious 
injury is another argument against their adoption for these 
classes. Moreover, it cannot be denied that the connection 
of the closets with the sewers has, in many places, es- 
pecially in London, appeared to lead to an increased 
prevalence of typhoid fever, diphtheria, and similar 
diseases. This might possibly have been prevented by 
greater care in the construction of the sewers, and more 
thorough methods of disconnection by proper traps, but at 
the same time it shows that the system of water-closets 
has several very important disadvantages. However, 
when carried out under proper conditions and favourable 
circumstances there is no question that the water carriage 
system is the cleanest, most convenient, and cheapest 
method of sewage removal. 

Sewers. Before the introduction of water-closets many 
towns had old fashioned pervious sewers which served to 
take away the waste and surface water, and at the same 
time acted as land drains because they readily admitted 
the subsoil water. In some towns these sewers are still 
used for the removal of the sewage under the new con- 
ditions, and generally with very unsatisfactory results. 
The best plan is to leave the old sewers to deal with the 
storm water and to construct new impermeable sewers 
for the removal of waste water and sewage from the 
dwellings and water-closets. Such a method is called 
the separate system^ as distinguished from the combined 
system^ where one set of sewers serves for the double 
purpose. 

The advantages of the separate system are obvious. 
The ordinary sewage of a town is a known and fairly 
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constant quantity, being practically the same as the water 
supply. It is therefore an easy matter to construct sewers 
of the proper size to deal with the sewage. Under these 
circumstances the sowers need only be of a comparatively 
small size. All rain water from roofs, yards, etc., must be 
conveyed by separate pipes either into a distinct set of 
underground pipes or, when the gradients are sufficient, 
into channels at the sides of the streets. These, at con- 
venient points, discharge into the stream which forms the 
natural drainage bed of the district. The sewers proper 
convey the sewage to the sewage farm, where it is dealt 
with before being discharged into the river. Under these 
conditions, the sewage is not ouly fairly constant in volume 
but is also uniform in composition when thus protected 
from dilution with storm waters, and its purification is 
therefore a much easier matter than when it is very con- 
centrated one day and very dilute the next. Other advan- 
tages of the separate system are that the sewers, being 
smaller and with smooth walls, are more uniformly filled 
and more frequently flushed than the large brick sewers of 
the combined system ; and lastly the cost of the separate 
system is very much less. Of course the system has some 
disadvantages : for instance, the fact that each house 
necessarily has two sets of drains obviously gives oppor- 
tunity to careless builders to connect pipes with the wrong 
system. The flushing efEect of the storm waters on the 
sewers is lost, and, in addition, the water that runs directly 
into the river is occasionally, especially after a period of 
drought, nearly as foul as ordinary sewage. 

In the combined system it is necessary to construct 
sewers of a sufficient size to take a large part of the rain 
falling during heavy storms. Storm overflows are generally 
provided, consisting of channels communicating with the 
main sewers at a higlier level than that of the ordinary 
sewage. Unless this precaution is adopted a sudden storm 
will deluge the sewage farm with a vast quantity of very 
dilute sewage, which it is out of the question to attempt 
to treat in the ordinary way. In these cases it is usual to 
provide large coarse filter beds of coke, breeze, or such 
cheap material as may be available, into which the water 
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may pass. From these the effluent is passed directly into 
the river. 

In the construction of sewers the following are the chief 
conditions to be fulfilled : — , 

1 . The flow of sewage should have as unif oim and con- 
stant a velocity as possible. To achieve this sewers up to 













Fig. 74.— Eoo-Shapkd Skwer. 



18 inches in diameter are generally made of well-glazed 
earthenware socket pipes. Other materials include cement, 
concrete, and iron. Iron pipes have the advantage of 
being made in 9 or 12 feet lengths, and therefore fewer 
joints are necessary. For larger sewers the egg shape 
with the small end downwards is now universally 
adopted, and they should be made of well-burnt, tough, 
impervious bricks set in Portland cement and laid on 
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concrete. The advantage of this shape is that when the 
depth of the stream is diminished the friction is also 
relatively reduced, instead of being as in every other form 
of sewer relatively increased. 

2. The velocity of the flow should be sufficiently great 
to keep in motion any solid particles, but not more than 
this, as the greater the velocity is the greater the wear 
and tear of the masonry. The regulation of the velocity 
is attained by adapting the fall or gradient to the size of 
the sewer. Sewers of 1 to 2 feet in diameter should have 
a gradient sufficient to produce a velocity of not less than 
2i feet per second, and the velocity in larger sewers 
should never be less than 2 feet per second. If the 
velocity exceeds 4 feet per second it is found to wear away 
the brickwork very quickly, especially if the sewage con- 
tains much sand or g^t. The larger the sewer tiie less 
is the gradient required to produce the same velocity, 
provided that the volume of sewage in each is proportional 
to the square of the diameter. Thus 

n) A fall of 20 feet per mile, with a sewer 1 foot in diameter, 
(2) ft 10 91 M tf 2 ,, „ 

("/ »> * *> >» >» ^ >> ft 

W „ 2 „ „ „ 10 



i» >> 



will all produce the same velocity of flow if the volume of 
the sewage in (2), (3), and (4), is respectively 4 times, 25 
times, and 100 times greater than in the first case 
(Parkes). 

3. The junctions and bends must be made in such a 
manner as to prevent the deposition of sediment. For 
this reason all junctions must be made as obliquely as 
possible, and so arranged that the flow in the tributary 
sewer is in the same direction as in the main. If the 
sewer curves, the radius of the curve should not be less 
than ten times the diameter of the sewer. Properly 
constructed and reg^arly flushed sewers should never 
require the removal of deposits, and the fact that the 
sewers of all our large towns require the constant services 
of labourers forms a serious indictment against their method 
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of conatructioa. To enable a sewer to be properly i 

rt«d manhoUt sbould be piMvided at intervals of not le 
\ 100 yards, and are particularly advisable at all 



if not lees 



jimctions and bends. Manholes are shafts sunk from the 
surface of the road to the seirer, and end in a chamber 
built of brickwork set in cement. The sewer and its tribu- 
tary meet in this chamber, being continued along the floor 
in the form of half pipes set in onncrete. A man entering 
the inspection chamber will therefore be able to tell at a 
glance whether there is any deposit at the junction. These 
manholes may also be utilised for flushing tlie sewers. In 




some towns it is very difficult to allow a sufficient gradient 
to the sewer, and consequently deposits are bound to occur 
unless arrangements are made for periodical flushing. The 
best method of preventing the lonuation of deposits is 
to place automatically dis^iarging siphon flush tanks at 
various points. These must be supplied with water by a 
tap connected with the town supply at such a rate as to 
cause the sudden discharge of the contents at regular 
intervals of about 12 hours or less. 

Ventilation of seweri. Before discussing the ventilation 
of sewers it is important to clearly define the distinction 
between teietr air and »euier gat. By sewer air is meant 
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the air that is present in the sewer under ordinary con- 
ditions. Recent investigations have shown that sewer air 
rarely contains bacteria from the sewage with which it is in 
contact. In fact the results of some of these experiments 
show that although sewer air contains more CO2 and 
organic matter than ordinary air, the number of bacteria 
may be less than in ordinary air. Sewer gas on the other 
hand is the gas that is given off in large quantities by 
stagnant sewage or putrefying deposits. This probably 
contains various micro-organisms which are most likely 
the cause of the many morbid conditions that are induced 
by exposure to sewer gas. The most generally recognised 
effects are vomiting, diarrhoea, headache, chronic blood- 
poisoning, and diphtheritic sore throats. 

The possibility of the sewer air being contaminated by 
sewer gas should cause every one to realise the importance 
of thoroughly ventilating sewers ; and at the same time to 
avoid every chance of it entering houses in a comparatively 
undiluted condition. Not only is it of the utmost import- 
ance to have numerous openings in sewers for ventilation, 
but also to provide a free escape for sewer air in case of a 
sudden increase in its pressure, such as may be produced 
by the rapid increase in the volume of sewage which takes 
place during the early part of the day and during a heavy 
rainfall, or by the blowing off of steam from boilers into 
the sewers. Variations in the tempei*ature of the outside 
air also cause movements of the sewer air, and a fall in the 
barometric pressure causes the gases dissolved in the 
sewage to be given off. 

The simplest and most efficient plan of ventilating sewers 
is to provide openings from the surface of the road into 
the sewer at intervals of not more than 100 yards apart. 
These should be placed as nearly as possible in the centre 
of the road, and answer their purpose best when they form 
part of a manhole and inspection chamber. The opening 
must be covered with an iron grid, and a tray placed 
beneath in such a way as to catch the mud and stones that 
may fall through, and at the same time allow of free 
passage of air around it. This dirt-box should be capable 
of removal from the road. Street gallies should always 
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be trapped in order to prevent the solid debris entering 
the sewer, and to avoid any escape of sewer air close to the 
foot paths and houses. 

Disposal of Sewage. 

The question of sewage disposal has necessarily to be 
divided into at least two classes — (1) the best method to 
be adopted for country houses and small villages, and (2) 
the different ways of sewage treatment and disposal by 
towns. 

Cesspits or Cesspools. If a country house or small 
isolated village has water-closets the entire sewage, in- 
cluding slops, should either be conveyed to a distant 
meadow and disposed of by irrigation or sub-irrigation, or 
run into a cesspit. If a cesspit is used it should be at 
least 50 feet away from any house, and at least 100 feet 
away from any well, spring, or stream. It must be sur- 
rounded with weU puddled clay from 6 to 9 inches thick, 
and liaed with good brickwork set in cement in order to 
prevent any leakage and consequent fouling of the ground- 
water. The best plan is to construct it with a shallow 
chamber which receives the sewage, and a deeper chamber, 
separated from the first by a vertical grating, which receives 
the more fluid constituents. An arched roof must be pro- 
vided, and proper ventilation must not be omitted. In 
fact, three openings are necessary, one for the purpose of 
gaining access in order to cleanse the cesspool, the second 
for a ventilating pipe, and the third for fixing a pump. 
This arrangement closely resembles the treatment of town 
sewage in septic tanks. When the house pipes and drains 
are all completely disconnected by means of traps this 
method is found to work extremely well, The liquid from 
the deep chamber is distributed at intervals over gardens 
or fields by means of a pump aud hose. The shallow 
chamber requires very little attention. At very long in- 
tervals it may require to be dug out. 

Discharge of Sewage into the Sea. For towns near the 
sea this affords the readiest means of getting rid of sewage. 
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If adopted it must, however, be subject to certain conditions. 
These are : — 

(1) The sewage must be carried well out to sea beyond 
low water mark, so that the outlet will always be well under 
water. A place should be selected, if possible, where there 
is a fairly constant current seawards. If this condition is 
not fulfilled the sewage will be conveyed up and down 
the shore or to and from the coast by the tides, and the 
result will be the black slimy deposit on the sands which is 
so often seen near seaside towns. 

(2) The end of the sewer should be provided with a tide- 
flap capable of opening outwards only, in order to prevent 
the rising tide entering the sewer and forcing back the 
sewage and sewer air. In any case, however, there will result 
a stagnation and accumulation of the sewage in the sewers 
during high tide, necessitating the provision of tank sewers 
for the storage of sewage that flows down during this 
interval. 

(3) The prevailing winds should also be studied to pre- 
vent the possibility of floating faecal matters being blown 
back on to the beach. Most seaside towns would probably 
greatly improve their sewage disposal by introducing some 
modification of the septic tank method of treatment which 
would result in the solution or digestion of most of the 
albuminous matters. 

Discharge of Sewage into Elvers. For inland towns it 
is obvious that the water of the sewage must ultimately 
find its way to the neighbouring rivers and steams. By 
the Hi vers Pollution Acts of 1876 and 1890 it is made 
illegal to pollute any stream or river by allowing crude 
sewage to flow into it. Some process of purification must 
therefore be adopted in order to produce from the sewage 
a liquid that may be discharged into a river without any 
fear of its subsequent putrefaction. Before describing the 
different methods in detail it is important to clearly 
understand what has to be done to the sewage, and what 
changes must be brought about in its chemical composition 
before it can be disciiarged into a river. It must be 
remembered that sewage contains two kinds of impurities 
which have to be treated — {a) the suspended impurities and 
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(b) the dissolved. By paying attention only to the removal 
of the suspended impurities by various precipitation 
processes it is possible to produce a perfectly clear, in- 
odorous, and tasteless liquid, which, nevertheless, contains 
a large amount of. organic matter in solution. If this is 
discharged into a river it subsequently undergoes decom- 
position and putrefaction resulting in the production of 
foul gases and the deposit of black foetid mud in the bed of 
the river. 

This organic matter in solution has always been the 
chief difficulty in the problem of sewage disposal. It is 
absolutely essential that it should be converted into 
inorganic substances before being discharged into a river. 
UntU lately this conversion of organic into inorganic 
substances has always been accomplished by land treat* 
ment, but more recently the septic tank method and the 
treatment by bacterial filters have been introduced in 
order to bring about the necessary change much more 
quickly and simply. The surface soil, to the depth of 3 or 
4 feet swarms with bacteria whose functions are to convert 
the nitrogenous organic matter into compounds of ammonia, 
and to further oxidise these into nitrites and nitrates, 
^his process, known as '* nitrification," is continually going 
on in the soil whether sewage is introduced or not, but by 
the careful addition of sewage this property of the soil may 
be very greatly developed. 



PUBIFICATION OF SbWAQE. 

Many of the processes that have been employed until 
recently, and wmch are still used in some places, will in all 
probability soon have merely an historical interest. They 
will therefore receive only very brief attention, and are 
summarised under the heading chemical treatment. 

Chemical Treatment. This includes the following 
methods : — 

(a) Precipitation processes. The sewage is run into tanks 
and the subsidence of the suspended particles is assisted 
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by the addition of some precipitant, e,g, lime, alum, or 
some salt of iron. The precipitates formed by the alum 
or iron help to carry down the finer suspended particles in 
the sewage and thereby hasten the separation of it into a 
sediment or sludge and a clear liquid. 

{h) The A. B,C, process consists in the addition of alum, 
blood, clay, and charcoal to the sewage. This produces a 
clarified sewage which is inodorous but not in any way fit 
to be discharged into a river. 

{c) Electrical processes. The electrolysis of sewage results 
in the formation of oxidising substances called hypo- 
chlorites. These oxidise the sewage and partly sterilise it, 
but the liquid requires additional treatment. In the 
Hermite system the sewage is treated with partially 
electrolysed sea water, 

{d) The amines process is to treat the sewage with milk of 
lime and a small quantity of herring brine. This is said 
to produce an inodorous sludge and ef3.uent. 

All the above processes result in the division of the 
sewage into two parts, {a) the sludge, and {h) the clarified 
effluent. The disposed of both these presents considerable 
difficulties, (a) The sludge of small towns in agricultural 
districts can generally be disposed of to local farmers. 
This method, however, rarely guarantees its regular and 
systematic removal, so that it is liable to a,ccumulate and 
undergo putrefication, thereby causing a nuisance. At the 
same time it must be remembered that it forms a very 
poor manure. In other cases, as in Birmingham, it is 
forced up in a semi-fluid condition, and run along carriers 
on to the land, and when it has become comparatively 
solid, through evaporation and percolation into the earth, 
it is dug into the soil. Another method is to press part of 
the moisture out of the sludge by hydraulic filter presses, 
by which a solid cake, containing about 50 per cent, of 
moisture is produced. This may be stored up without 
causing much nuisance and can be disposed of as 
manure, or it may be burned and manufactured into 
cement. In London the sludge is pumped into steam- 
ships and discharged into the sea at some distance from 
land. 
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(h) The clarified efflmnt must be dealt with in one 
of three ways : — 

(1) By intermittent downward filtration. 

(2) By broad irrigation. 

(3) By some form, of bacterial filter. 

The first two methods include what is generally called 
'^ sewage farming," though strictly speaking this term 
should be applied only to broad irrigation. Whatever 
method is adopted it must be clearly understood that no 
system of disposing of or treating sewage at a profit has 
yet been devised, and probably never will be. The 
only question to consider is which of the various 
methods is likely to give the best results and the least 
expense. 

(1) Intermittent downward filtration may be defined as 
'Hhe concentration of sewage at short intervals on an area 
of specially chosen porous ground, as small as will absorb 
and cleanse it, not excluding vegetation, but making the 
product of secondary importance." The quantity of land 
required is about one acre for each 1000 of population. 
The land is laid out in successive terraces, along the upper 
side of which is a channel or carrier made in concrete. At 
right angles to this channel small feeders are made in the 
soil by means of a plough, so that the clarified sewage can 
be distributed over the land, and by means of sluices it 
can be directed on to any part of the area. The surface of 
the land must be levelled and under-drained by porous tile 
drains, laid at a depth of 5 or 6 feet. From these the 
effluent should, if possible, be allowed to run over a 
meadow before entering the river. It is important to 
divide the filtering area into four equal parts so that each 
part may receive sewage for 6 hours, and have an interval 
of 18 hours for rest and aeration. By an arrangement 
of ridges and furrows it is possible to raise certain 
root crops such as beet, mangold wurzel, or swede. The 
sewage flows down the furrows, while the vegetables are 
grown on the ridges. The roots of the vegetables assimi- 
late the organic part of the sewage and thus aid its 
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purification, while the stalks and leaves, being high above 
the sewage, are not contaminated. 

(2) Broad irrigation differs from intermittent downward 
filtration by securing the maximum growth of vegetation 
for the amount of sewage supplied. A much greater area 
of land is required, generally at the rate of one acre for 
every 100 of population. Land should always be chosen so 
situated that the sewage will flow to it by gravitation. 
TJnder-drainage is desirable at a depth of 3 or 4 feet 
below the surface. The carriers are arranged about 30 
feet apart, along ridges, with furrows running at right 
angles to it to insure uniform distribution of the sewage. 
Care should be taken that the sewage passes through the 
soil, and not merely over it and into the river; surface 
flow alone rarely gives satisfactory results, although in 
some districts it seems inevitable owing to the stiff clayey 
nature of the soil. Rest is just as important for the land 
in irrigation as in downward filtration, in order to secure 
proper aeration, and to prevent the soil becoming clogged 
with the sewage, which must reach the ground in as fresh 
a state as possible. 

The most suitable crops for a sewage farm are Italian 
rye-grass, roots such as mangold wurzel, and cabbages, 
With regard to Italian rye-grass a report to the Local 
Q-ovemment Board states that it *4s probably in all respects 
the most advantageous crop to be grown under sewage, 
as it absorbs the largest volume of sewage ; occupies Qie 
soil so as to choke down weeds; comes early into the 
market in spring; continues through the summer and 
autumn, bearing from five to as many as seven cuttings in 
the year, and producing from thirty to fifty tons of whole- 
some grass upon each acre." The drawback to it is that 
it does not keep well, so that if it not disposed of very 
quickly it is wasted. For this and similar reasons it has 
been found that, to reap the greatest possible profits from 
a sewage farm, a dairy farm should be established, so' 
that the produce may be converted directly into meat and 
milk. These products of a sewage dairy farm differ in no 
way whatever from meat and milk produced on ordinary 
farms. 
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Biological Methods of Purifying Sewage. 

Strictly speaking, the treatment of clarified sewage by 
intermittent downward filtration and by broad irrigation 
are truly biological methods since the purification is effected 
by micro-organisms in the soil, but it is preferable to 
reserve this term for those methods recently introduced, 
and which really consist of the adoption of Nature's own 
methods of purifying organic matters. Reference has 
already been made early in this chapter to the fact that a 
cesspool which receives all the sewage from a house only 
requires emptying at extraordinarily long periods if it is 
merely a hole dug in porous soil, while if made impervious 
it is found to contain practically no solid matter when it is 
emptied. This proves conclusively that Nature must be 
able to dispose of the solid constituents of the sewage and 
cause them to dissolve in the surrounding liquid. As a 
matter of fact, this is accomplished by micro-organisms 
which may be conveniently divided into three classes : — 

( 1 ) Those which can only work in the absence of oxygen 

(called anaerobes). 

(2) Those which can only work when oxygen is present 

(called aerobes). 

(3) Those which can work either in the presence or 

absence of oxygen (called facultative aerobes). 

It seems extremely probable that the first class, the 
anaerobes, are most efficacious in causing the liquefaction 
of the solid organic matter. This is accomplished in a 
manner closely analogous to the process of gastric digestion, 
the nitrogenous material being converted into soluble 
substances resembling peptones. The aerobic organisms 
are able to convert these substances into salts of am- 
monium, and eventually into nitrites and nitrates. The 
advantages of any process that deals with the whole of the 
sewage in this way are obvious. The cost of useless 
chemicals and the expense of applying them is saved, and 
there is no sludge to deal with. There is, moreover, not 
the slightest doubt that the chemical treatment of sewage 
hinders the purification of the clarified effluent by the soil, 
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while the biological process produces an effluent which is 
more readily susceptible to the agencies which effect its 
ultimate purification. 

To treat sewage by biological processes the following 
steps are essential : — 

1. The sewage is first run into a detritus tank, where 
the heavy inorganic particles, such as the coarse grit from 
the surface of roads, subside. 

2. The sewage has next to be liquefied by some digestive 
action such as is carried on in 

(a) The "Septic" tank system, or 

(b) A coarse grain bacterial filter. 

3. The nitrification of the liquefied sewage must now be 
accomplished by 

{a) Finer filters, or 

{b) Some form of land treatment, 

or by combinations of these methods. 

The Septic Tank System (Cameron). The sewage is led 
into a large covered tank of a capacity equal to at least 24 
hours flow of sewage. Light and air are excluded as far 
as possible. The rate of flow is arranged so that each part 
of the sewage remains in the tank for 24 hours. The 
liquefaction of the solid organic particles takes place with 
astonishing rapidity owing to the action of the anaerobes. 
The liquid is then aerated by being run over a weir and 
cascade arrangement and is now either available for land 
treatment or it may be passed through a fine grain filter 
bed. These aerating filter beds are made of particles 
varying from ^ to 1 inch in diameter, and may be con- 
structed of any hard and durable material, e.^, coal, 
coke, ballast, or gravel. Here the albuminoid material is 
oxidised by the aerobes into nitrites and nitrates, the result 
being a remarkably clear, odourless, and inoffensive liquid, 
which may be passed into a good sized river, although it 
is always advisable to pass it first either through land or 
over water meadows. 

The drawback to the septic or bacterial tank system is 
the excessive cost of constructing large covered tanks of 

AD. HYG. 15 
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sufficient capacity to hold such an immense quantity of 
sewage as will be received from any town during 24 hours. 
Becent experiments seem to prove, however, that the 
covering is unnecessary, a fact which of course considerably 
reduces the cost. In Birmingham, large open air tanks are 
used through which the sewage flows in a very slow stream. 
After a short time the surface of the sewage becomes 
covered with a peculiar scum or covering which is believed 
to play an important part in the liquefying action that is 
going on. They give off no unpleasant smell although a 
large quantity of gas is evolved. 

The Large-grain Bacterial Filter. In this system the 
sewage is passed through a detritus tank in which it 
deposits any particles of grit, and then through a filter of 
large particles varying from 1 to 2}^ inches in diameter. 
In some places the sewage is retained in the filter bed for 
8 to 12 hours and then released, whereas in others the 
process is one of slow continuous flow. The filter must be 
worked intermittently in order to allow of aeration and 
enable the liquefaction of the organic solids which have 
been arrested by the filter to be completed. The liquid 
from these beds may now be disposed of on land or passed 
on to the small-grain filters for nitrification to be com- 
pleted. 



The Kitchen Befuse. 

All animal and vegetable refuse from the kitchen must 
be burned, and should never on any account be thrown 
into the dustbin or ashpit. Befuse, such as cabbage leaves, 
potato peelings, bones, and waste food are very liable to 
become objectionable if thrown into the dustbin instead of 
being burned. Only a strict adherence to this rule will 
prevent a dustbin from becoming a serious nuisance. 

A convenient receptacle for ashes, soot, and inorganic 
refuse is a dustbin consisting of a wooden tub or galvanised 
iron box. If an ashpit is built, it should coniorm with 
certain regulations. The best possible conditions for an 
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ashpit or dustbin are attained when the following rules 
are adhered to : — 

(1) It must be at least six feet from the wall of the 
house. 

(2) Means of emptying it should be provided without 
carrying the contents through the house. 

(3) It should be small — not above 6 cubic feet in 
capacity — to ensure frequent emptying. 

(4) Only indestructible matter must be put into it. 
(6) A good lid or water-tight roof must cover it to 

protect the contents from rain, as moisture favours decom- 
position. 

If an ashpit is built, it should fulfil the following con- 
ditions in addition to rules (1), (2), and (4) above. 

1. It must be made of impervious material, such as 
brickwork set in cement. 

2. It should be roofed over and properly ventilated. 

3. The floor should be three inches above the level of 
the ground outside. 

4. There must be a door of convenient size for removing 
the contents. 

5. There must be no connection whatever with any 
drain. 

The best method of disposal of the dustbin refuse is to 
bum it in some form of destructor furnace. The pro- 
portion of cinders in the refuse is usually sufficient to 
ensure the complete combustion of all the ingredients. 
Many destructors have been introduced but a description 
of any them is beyond the scope of this book. The residue 
consists of ash and clinkers, and may be used for road 
mending, or it may be ground up and mixed with lime in 
order to make an excellent cement. 



CHAPTBE X. 
WATEE. 

Water. Water is absolutely essential for health. 

A. In the body it keeps the blood fluid and thus helps 
(1) to carry food material to all parts; (2) to carry away 
the waste material of the tissues; (3) to regulate and 
keep uniform the temperature. 

B. In the house it is used to remove and carry away 
waste material and dirt. (1) To cleanse the skin; (2) to 
wash clothes; (3) to cleanse the house and household 
utensils; (4) to cleanse house-pipes and drains, and to 
carry away waste and excrementitious matter to the sewers. 

The various sources of water supply are clearly treated 
in the First Stage Hygiene in this series. The usual sources 
of water supply include : (1) rain water, (2) upland surface 
water, (3) springs, (4) wells, (5) rivers, (6) lakes. 

(1) Rain water. 

{a) Purest natural water. 

(i) Contains no mineral matter, but has dissolved 

gases from the air. 
{c) May contain soot from air, and washings from 

roofs. 

(2) Upland surface water is collected from moors and 
hills. It is soft and has great solvent action on lead. To 
prevent this action, it is sometimes filtered through lime- 
stone to make it harder. 

(3) Springs. 

(fl) Pure water is obtained from springs which issue 

from beds of sand and gravel. 
{h) Hard, but well-aerated and palatable water issues 

from springs in chalk or limestone. 

228 
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(4) JFelh are artificial springs. 

(o) Surface or Shailote Wells — no matter what the 
depth — are those in which water is obtained 
from the surface layer. See fig. 35. 

(4) Deep WdU are those in which the well passes 
through an impervious layer to water under- 
neath. 

3 sort 
ip emeus 






Fig. 76.— Dii>p Wr.u.. 

esian Well ie a deep well, tapping water 

■>en two impervious layers, in which the 

JT level is at least as high as the level of 

I ground where it is sunk, so that the water 

les in tho well tu tlio ground level, or above it. 




Water from surface wells is liable to pollution, from 
sewage or other impure matter soaking in. 
Deep well water ia free from organic impurities, but is 
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harder, owing to the dissolved matter it has accumulated 
during its passage through the rocks. 

(5) ^iver water usually contains suspended matter and 
needs filtration. It is well aerated and not so hard as 
spring or well water. There is, however, a danger from 
drainage which may enter the river in its course. Owing 
to the water of streams being well oxygenated there is a 
tendency to self -purification which lessens the impurities 
present. 

(6) Lake water is generally very pure and soft with 
scarcely any organic impurities. 

(7) DisttUed water is pure, but tasteless and insipid, 
through lack of aeration. On board sliip it is aerated, by 
being allowed to drip from casks placed on a slielf . 

Modes of supply. In villages and rural districts the 
expense of a common water supply and distribution is too 
great, so the inhabitants depend on small surface wells, 
and springs. For towns, however, this is impossible. 
The chief sources utilised for towns are: (1) rainfall on 
upland surfaces, (2) rivers, (3) deep wells, (4) lakes. 

( 1 ) Upland surface water. Storage reservoirs are formed 
to equalise the supply and demand. They are generally 
made by impounding the water from the gathering grounds 
in such a position that the town or community may be 
supplied by gravitation. The capacity of the storage 

required is given by Hawksley's formula, 1) -=. — — , when 

D is the number of day's supply whicli should be stored, 
and JF'= mean annual rainfall in inches of thi*ee consecutive 
dry years. 

Thus if i^=25 inches, we have i>=^^^-^ = l^ 

= 200 days supply should be stored. 

Having found i>, if the daily amount required is known, 
the capacity of the reservoir is then found. 

Capacity = daily amount X no. of days supply req^- (i>). 
If there is a population of 30,000 requiring 30 gallons 
each daily. 

Capacity = (30,000 x 30) X 200 = 180,000,000 gallons. 
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From the impounding reservoir the water is conducted 
along aqueducts to smaller reservoirs called service 
reservoirs, which are usually covered and made to hold 
one or two days supply, 

(2) Rivers, The water is taken from moving water and 
not from a stagnant part. It is led into subsiding reser- 
voirs, which contain 2 or 3 days supply, and from these it 
is conducted to filter beds, and afterwards pumped up to 
service reservoirs. 

(3) Beep Wells, The water (except in the case of Artesian 
wells) is pumped up into reservoirs for distribution. This 
is not a source which can be drawn on indefinitely as each 
well drains a considerable area, and doubling the number 
of wells will not double the supply. 

(4) Lakes. Some large towns obtain their water supply 
from lakes. £.ff, Glasgow from Loch Katrine, Manchester 
from Thirlmere in Cumberland, and Liverpool from Lake 
Vymwy, an artificial lake in Wales, made by impounding 
the water of the Eiver Yyrnwy. 

Filters. The purification of water on a large scale is 
usually effected by sand filter beds. The water is first 
passed into settling reservoirs, where sedimentation takes 
place for 24 houre. It is then allowed to flow on to 
the filter bed which consists of layers of sand and gravel. 
The new works at Hamburg have 40 inches of sand and 24 
inches of gravel in different sizes, arranged so that the 
upper finer material cannot pass into the lower coarser 
material, nor can the lower material be carried away by 
the descending water. 

The new waterworks at Berlin have (a) fine sand 24 
inches, {b) gravel 12 inches, (<?) larger stones 12 inches. 

The water is collected by pipes or channels which convey 
it to reservoirs. 

Action of the Filter, The action is partly mechanical, 
for the suspended matters are removed, but, as Pief ke first 
showed, sand alone will not remove micro-organisms from 
water. When a filter has been in use for a few days, a 
peculiar slimy gelatinous layer is formed in the surface, 
consisting of colonies of bacteria combined with suspended 
matter, and it is the vital action of the bacteria in this 



layer which is of the greatest importance. Their action is 
to oxidise oi^uic impurities and to destroy injuriotis 
micro-organisms. Hence this layer should not be broken 
unless it becomes too dirty, through euapended materials, 
when it requires remoying. In addition to this the oxygen 
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in the spaces in the lower layers helps in oxidation of 
organic matters. 

For success in filtration: — 

1. The filter-beds should he used intermittently and 
should be exposed to the air when not in use. 

2. When the upper layers become blocked up with 
impurities they should be removed and replaced with fresh 
sand, but care should be taken as to the disposal of the 
water which passes through the first day after removal. 
It should be pumped up to be filtered again. 

3. Filtration should he slow, only 3 or 4 inches per hour. 

4. The filter beds should be completely i-enewed every 
2 ^ears. 
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Domestic Filters. Greater popular delusion exists on 
the subject of filtration than on any other connected with 
health, for there are many different kinds of filters in use 
which afford no protection whatever^ and in some cases are 
positively dangerous. 

Animal Charcoal was formerly considered one of the best 
filtering materials; later experiments, however, have shown 
that, although the oxygen in the air of the pores oxidised 
to some extent organic impurities, yet it did not get rid of 
the bacteria, for some of these find their way through 
the charcoal and pass on with the filtered water. At the 
same time phosphates and nitrates are added to the water 
from the charcoal, »nd these form a nutritive medium for 
these organisms so that theymultij)ly very fast thus making 
the water worse after filtration than before. 

Other substances used for filtering are spongy iron, polarite, 
manganous carbon, carbolite, and silicated carbon. There 
are many varieties of filters but few are germ-proof. The 
report . of Dr. Sims Woodhead and Dr. Wood, after an 
examination of over twenty varieties states in conclusion : — 

** Before concluding, we may be permitted to make a few observations 
regarding the testimonials and statements published by the makers of 
the filters, imperfect from the bacteriological, point of view, which we 
have reported on. These filters may, as we have already said, materi- 
ally increase the risk of acquiring infective disease, but in addition to 
this they are to be looked on as an unmitigated evil, in so far as they 
give rise to a false sense of security, which prevents the precaution of 
boiling the water being taken, where necessary. We should recommend 
accordingly, that the vendors should either withdraw these statements, 
or at the very least, satisfy themselves, by taking independent expert 
evidence, that they are justified in making these claims in regard to the 
prevention of disease by the use of their filters." 

The two most satisfactory filters are the Pasteur-Cham- 
berland filter and the Berkefeld filter, both of which may 
be relied upon. 

The Fastenr-Chamberland filter consists of a cylinder of 
unglazed porcelain, closed above, and terminating below in 
an open nozzle. This is enclosed in another vessel, having 
a space between the two both above and at the sides, into 
which the water passes. During filtration it has to pass 
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^trough the porcelain; it subsequently flows out of the 

nozzle at the rate of 2 or 3 

quarts per hour, when under 
a pressure of 1) to 2^ at- 
moepheres, such as is fre- 
quently present in the pipes 
of a water service, — while i 
without pressure it drips slow- 
ly. The filter is easily cleaned, 
as the porcelain cylinder can 
be taken out, and the matter 
on the outside scrubbed oft, 
the cylinder beine afterwards 

sterilised by boiling. This rig. :8.-Fii,TEiijNo MAimuAr. op 
kind of filter was used by in-KtrBLu^H.ixi^ MiowiriKD 
M. Pasteur for sterilising (BypmniMionotteriw(eWFiii«co.> 
fluids in the laboratoty, and 

■■"" -isistant M. Chamberland 
use of the idea to make 
larger filters for water. 

The Berkefeld filter is 
similar in principle to the 
Pasteur-Chambevland 
' but is made of diatoma- 
cooua earth (see fi^. 78), 
The pores of this are 
larger than in the porce- 
lain, and the action is 
more rapid. 

Under a pressure of 
35 to 40 lbs. per square 
inch, a cylinder will yield 
20 gallons per hour. 

Fig. 79 shows a single 

cj'linder with fittings, 

which will illustrate the 

Hg. 79.— BeimruLP Skktics FiRFnvBt: method of fixing either 

vlltkb. J Berkefeld or a Pasteur- 

•■"»"""K„a:X™'°"""' Ohmhertad Filter. 

iserketeULFUtiirCaj Tlie Cylinder of the 
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Berlcefeld filter is made thicker so that the internal cavity 
is leaa than in the Pasteur-Chamberland filter- 
Fig. 80 shows two forma of the Bertefeld filter triiich 
are auitahio for use whorii no pressure is available, but of 
course the rate of flow is small — about 1 pint per Jiour for 
each filtering cylinder. FUtera may be increased in size 
by increasing the number of cylinders. The Berkefeld 
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{B7 parmiuion ot BerketcM Fll-or Co.) 



filter is cleaned and sterilised in the same way as the 
Fasteur-Chamberland. The action of each of those filters 
is mechanical, and ni)t vital or chemical. The pores are 
very small, and o^fclude suspended matter, which forms a 
slimy coating on the outside, but they are not smaller than 
the diameter of bacilli. These are supposed to be retained 
in the pores by a kind of molecuhir attraction, and the 



conditionB tJioro aro unfavourable to {ifrowth. Thn ulimy 
layor which fomis on tlio surface, ami tho hacitli in tho 
pores render tho regular cleaning and sterilising of the 
cylinders a necessity, even in the case of the hest filters, and 
if this is done, there is no danger whatever of the spread 
of water-borne diseases. 

The Berkefeld filter is obtainable in England; while 
other germ-proof filters (PaBteur-Chamberland) can be 



purchased on the continent. On account of the rapidity 
of its action compare<l with these latter, it is the most 
suitable for ordinary use where pressure is available. 

The Trsveller's Pomp Filter is a compact, convenient, 
and most efficient combination of filter and pump, enabling 
travellers in any countiy to obtain a rapid supply of whole- 
some water from any source. These have been used with 
great success in many military expeditions, and larger 
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sized "Pump Filters" have been employed in the re(«nt 

South African War. 
In fi.g. 31 Q is the piston which is raised to allow the 
pressure of the air to force 
water through the lowest open- 
' ing into &e barrel of the 
pump. When the piston ia made 
to descend the water is then 
forced into the left-hand part, 
through the filtering cylinder A, 
and out of the upper no^tzle. 

The characteristics of a good 
niter axn :— 

1 . It should prevent the 

passage through it of 
suspended matter, and 
all micro- oi^anisms ; 

2. It should add nothing to 

the water; 

3. Itshouldbeeasilycleaned; 

4. It should not bo so costly 

as to be prohibitive ; 

5. It should oxidise and 

render harmless any 
dissolved organic im- 



FiiterCo.) 1. 2i0i((n^toKillmicro-organ- 

iama, and to soften it, 

2. Adding lime to soften it. COi is present, which 

enables the water ia hold carbonate of lime 
in solution. The lime added joins with 
this C0>, and all the carbonate of Ume ie 
precipitated. 

3. Adding alum or other chemicals- 

4. Distillation. 
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Distribution of Water. 

Water is conducted along pipes from the service 
reservoirs. The mains are the largest pipes; they pass 
under the street, and from them service pipes branch to the 
houses. 

Water may be supplied to the houses either on {a) the 
constant system, or {h) the intermittent system. 

(a) Constant System. The pipes are constantly filled 
with water from the reservoirs, so that there is no necessity 
for cisterns, except for water-closets and the kitchen 
boiler. 

Advantages. 

1. The water is always available for use. (Specially 

valuable in the early stages of a fire.) 

2. The pressure of the water in the pipes is always 

greater than that of the air, so there is no 
danger of sewer gas or ground air entering 
the pipes. 

3. There is no risk of contamination through storage 

in cisterns. 

Disadvantages. 

1. There is a danger of waste or misuse of water 

in some parts in times of heat, drought, 
or frost, which may cause a scarcity in other 
districts. 

2. Stronger and more perfect fittings are required 

than in the other system. 

3. More water is used. (With careful inspection and 

perfect fittings, however, this is frequently 
reversed.) 

4. Householders are inconvenienced during repairs to 

mains, through having no storage cisterns. 

{li) Intermittent System. The pipes are only filled with 
water at certain intervals, so that storage cisterns have to 
be provided to hold one or two days' supply. 
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Advantages, 

1. As a rule less water is used than in the constant 

system. (It is doubtful, however, whether 
this is an advantage, especially in slum-dom.) 

2. Eittings need not be so strong nor so perfect. 

3. There is control over the water-supply in times of 

drought, or frost, so that waste or misuse can 
be guarded against. 

Disadvantages, 

1 . Expensive cisterns have to be provided. 

2. There is a risk of contamination through storage. 

3. The alternate filling of the pipes with water and 

air favours corrosion of the pipes. 

4. When they are empty there is less pressure in 

the water-pipes than in the air around, so that 
there is a danger of gas from leaky gas- pipes 
and ground-air being forced into them, to the 
detriment of the water which enters afterwards. 

5. In the case of fire it may be difficult to secure a 

supply of water in time to prevent the con- 
flagration spreading. 

On comparing the relative advantages and disadvantages 
of the two systems, the constant system may be seen to be 
the better of the two under ordinary circumstances. 

Imfubities m Water. 

I. Impurities at the source. 

(1) Rain water may be contaminated by washing the 
air it falls through, but more by matters on the surface 
on which it falls, such as decaying leaves, soot, or other 
matters on the roofs of houses. It may also take Uad from 
lead roofings and pipes, %%nc from zinc or galvanised iron 
roofs; ammonia, nitrous and nitric acids from the air; 
sulphur compounds in towns, where much coal is burned. 

(2) Upland surface water. This does not as a rule 
contain much dissolved matter, except in limestone or 
chalk districts, but in moorland districts it may be quite 
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discoloured with peaty material. Vegetable organic matter 
is far more prevalent than that of animal origin. There is 
an absence of ammonia, nitrites and nitrates beyond wbat 
is found in rain water. 

(3) Spring and well water. The water in passing through 
the soil dissolves some ground-air which is richer in OO2 
than atmospheric air. This enables it to dissolve calcium 
carbonate and other mineral substances. 

(4) Shallow well water may contain nitrites, nitrates, 
ammonia, and chlorine, or even organic matter from sewage 
soaking in from leaky drains and cesspools, and worse 
still it may contain disease germs from the excreta of 
persons suffering from such diseases as typhoid fever. 

(5) Beep well water is free from suspended and organic 
matters, owing to the large amount of filtration it has 
undergone, but it may contain dissolved mineral matter as 
calcium and magnesium carbonates and sulphates, which 
makes it, as a rule, very hard. 

(6) River water varies as to its impurities. In passing 
through cultivated laud it may receive washings from the 
surface. Sewage or drainage and washings from mines 
and factories may pollute it at some points of its course, 
while other impurities will be present from the rain, spring, 
and other water which enters it. 

n. Impurities acquired during transit to storage 
reservoir. 

If the water is conveyed in closed pipes there is little 
risk of contamination. If it flows along open channels {e.g, 
rivers) surface washings, with leaves and branches of trees 
may find their way into it. Purification, however, may take 
place here : — (1) Suspended matter is allowed to subside ; 
(2) bacteria in the water oxidise organic matter ; (3) sun- 
light hinders the growth of pathogenic microbes. 

These germs, whose natural habitat is in some organ 
of the body, are not in a suitable situation for growth, 
and, in time, lose their vitality. 

III. Impurities of storage. 

In the large storage reservoirs water-plants may be 
found growing on the surface. Water-rats, also, are 
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frequently found to exist there. The service reservoirs in 
towns are generally covered over so that there is not much 
danger of contamination. 

Unless underground cisterns and tanks are made 
absolutely water-tight there is a danger of soakage from 
leaky drains and cesspools ; while in metallic cisterns in 
the house lead or zinc may find its way into the water ; 
and if the cistern be in an inaccessible part of the house, 
we may have dust, dead mice, etc., present. If the 
overflow pipe of the cistern passes into a soil-pipe, or 
into a sewer, there is a gi*eat risk of contamination with 
sewer gas. 

lY. Impurities of distribution. 

These may consist of metallic material from the pipes, 
while impure air and noxious gases may be forced in, if 
the pipes are occasionally empty. 

(a) Lead. The waters which act most on lead are : — 

(1) The purest, softest, and most highly oxygenated, 

e,p, rain water, and upland water. 

(2) Water which contains organic matter and the 

products of its decomposition (nitrites and 
nitrates). 

(3) Water containing free acid, e.ff. peaty water from 

moorlands which frequently contains earthy 
acids owing to the action of bacteria which are 
found in peat. - 

(4) Water which contains chlorides. Sometimes a 

protective coating of lead carbonate is formed 
on the lead pipes, but this water dissolves the 
coating. 

(i) Waters which act least on lead are : — 

(1) Water which contains much mineral matter, as 

deep well water. 

(2) Water with free carbonic acid (unless the COj be 

in excess). A basic carbonate is formed and 
deposited on the pipe, but if the CO2 be in 
excess this is re-dissolved. 

AD. HYG. 16 
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(3) A little silica present in water has been known to 
protect the pipes, by forming an insoluble 
silicate of lead. 

Note, — Water must remain for some time in the pipes to act on the 
lead ; new pipes yield more lead than old ones ; hot water dissolves 
more than cold water, and increased pressure increases the plumho- 
solvent action. -^V of a grain of lead per gallon makes the water 
dangerous. 

Detection of Imparities. 

An analysis of water may be {a) chemical, or (h) 
bacteriological. The former is the method which has been 
most frequently adopted, but the latter is now recognised 
as the more important, for if specific pathogenic micro- 
organisms are found in the water it is unhesitatingly con- 
demned, while a chemical analysis shows at the best a 
prohdbility only, that it is unsafe, in such cases. However, 
for mineral impurities^ the chemical method is necessary, so 
both methods should be used and not one only. 

{a) Chemical examination. 

Lime is shown by a white precipitate forming when 
ammonium oxalate solution is added to the water. 

Chlorine, add a solution of silver nitrate and dilute 
nitric acid. A white precipitate is formed. 

Sulphuric acid, add a solution of barium chloride and 
a little nitric acid. A white precipitate is 
formed. 

Ammonia, add Nessler's solution. A yellow colour or 
a yellow-brown •precipitate. 

Lead or copper, add ammonium sulphide. A dark 
colour is produced, ^hich does not disappear if 
hydrochloric acid be added after being con- 
centrated by boiling. (This is best seen if the 
water be placed in a white porcelain basin.) 

Iron, add a solution of potassium f errocyanide, and of 
potassium ferri-cyanide with a little hydro- 
chloric acid to two separate portions. We get 
fl, blue colour if iron be present, 
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Organic matter. Take a sample of the water and an 
equal quantity of distilled water, add to each 
the same amount of Condy's fluid. Leave to 
stand for some hours. Note the loss of colour 
in the water being tested as compared with 
the distilled water. The greater the loss of 
colour the greater the amount of organic matter 
present. 

In a Qnantitative Chemical Analysis the following 
particulars are obtained : — 

1 . Total solids (by evaporation of a measured quantity) . 

2. Volatile solids (residue after incineration of the 

total solids). 

3. Total hardness (by amount of soap solution required 

to counteract the hardness). 

4. Permanent hardness (hardness after boiling). 

5. Ammonia (free). That which was present in the 

water before analysis. 

6. Ammonia (albuminoid). That which is produced 

by the decomposition of nitrogeneous organic 
matter during the analysis. 

7. Nitrites and nitrates. 

8. Amount of oxidisable organic matter. 

9. Amount of metallic substances present. 

Organic matter present in water is generally decomposed 
into ammonia (NH3) and other substances. The ammonia 
becomes partially oxidised to nitrous acid (HNOs), or 
further oxidised to nitric acid (HNO3). These acids com- 
bine with bases such as calcium, sodium, and potassium to 
form nitrites or nitrates. 

The presence of ammonia may indicate recent fouling 
with organic matter (probably sewage); the presence of 
nitrites lens recent^ and nitrates at a more remote period. 
The presence of these in large quantities will be sufficient 
to condemn the water, for it may contain dangerous micro- 
organisms. Bacteriological examination alone settles this 
with certainty. 
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(b) Bacteriological Analysis. 

The object of this is to find the number and kind of 
micro-organisms in water. 

A measured quantity of water, after being well shaken 
in a sterilised bottle, is intimately mixed with fluid 
gelatine, which is then spread out in a thin layer on a 
glass-plate or in a Petri-dish (a shallow flat dish with a 
cover). The organisms form colonies in the gelatine which 
can then be counted and examined. For a qualitative 
examination some of the colonies which form on the 
gelatine are removed to other media and their growth 
observed. The microscopic appearance and manner of 
growth on various media indicate the kind of micro- 
organisms present. 

They are generally divided into three groups : — 

1 . Those micro-organisms found in pure water. 

2. Those common in sewage but rarely found in pure 

water. 

3. Those which produce specific diseases in the body. 

This last class is the most important, the 
Bacillus Ih/pho8U8 and the Cholera Spirillum 
being two examples. 

Diseases caused by drinking Impure Water. 

1. Diarrhoea, Suspended matter will cause this by 
mechanical irritation of the intestines. Water containing 
hydrogen sulphide will produce it, especially if organic 
matter be present. Some kinds of mineral matter, such as 
sulphate of magnesium (as at Epsom), will also give rise 
to it. 

2. Dysentery. This is produced by drinking water which 
has been fouled by faecal discharges from dysenteric 
patients. 

3. Enteric Fever, This is spread by drinking water, 
which has been fouled by the discharges from patients 
suffering from this disease. 

4. Cholera, This also is spread by drinking water fouled 
by discharges from cholera patients. The drinking of 
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impure water will predispose to cholera or enteric fever, 
but will not catise the disease unless the specific germs be 
present. 

5. Dyspepsia is sometimes caused by the presence of 
mineral matter. 

6. Parasitic diseases may be produced by the eggs or 
embryos of parasites, being taken into the body with water. 

7. Metallic poisoning may be due to lead, arsenic, copper, 
or zinc in water. The symptoms of lead-poisoning are : — 
(1) Indigestion, (2) abdominal pains or lead colic, (3) a 
blue line on the gums, (4) wrist drop, due to paralysis of 
muscles of the arm. 

Waterpipes and Cisterns. 

The mains are generally made of cast iron with an internal 
protective coating, and are about 9 feet in length. The 
end of one fits into a socket on the end of the next. The 
joint may be made watertight by packing with deal wedges, 
and then with lead. Tliis kind of joint allows for expan- 
sion and contraction through variations in temperature of 
water and earth. The mains are generally laid several 
feet below the surface. 

The smaller pipes are made of iron or lead. Lead is 
convenient, as it can be carried round corners by simply 
bending, but is soluble in some water. 

Methods of protecting pipes from corrosion. 

1. Barjff^s method. Iron pipes are heated to a white 
heat — 1200°F. — and while at that temperature, are exposed 
to the action of superheated steam ; a protective oxide is 
formed on the iron. 

2. Angus Smith's method. Pitch is distilled from coal 
tar until the naptha is removed, and then deodorised. A 
little linseed oil is added to it, and the mixture heated to 
about 310°E. The iron pipes, having been heated to a 
similar temperature, are immersed for some time in the 
pitch. 
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3. Enamelled iron pipes. White enamel is made by 
fusing glass with some zinc oxide ; other colouring matter 
being used for glazes of other colours. 

4. Tin is used as a protective coating for both lead and 
iron pipes, but is apt to crack, after which galvanic action 
is set up, and the lead, being more oxidisable than the 
zinc, is dissolved. 

5. Composite pipes consist of a block- tin pipe enclosed 
in a lead pipe, the two being firmly connected together. 
If nitrates be present the tin may be eaten through. 

Cisterns. 

1. Cisterns should he made of material which will not imparl 
any injurious quality to the water. Slate is the best material, 
if it is set in good Portland cement. No red or white lead 
should be used in making the joints, or it will enter the 
water, nor should common mortar be used as lime will be 
added, and the hardness thereby increased. Lead is not 
satisfactory because some waters dissolve it. Zinc and 
gdl/vanised iron have been advocated but they are not so 
good as slate. Waters containing nitrates will dissolve 
zinc. Iron cisterns, if enamelled inside or coated with good 
cement^ may be used. 

2. They should he easily accessible. This is to facilitate 
frequent and regular inspection and cleansing. 

3. They should he covered in and ventilated. This prevents 
the access of dust, dirt, and small animals, and keeps the 
air near it pure. 

4. The supply pipe for the water -closet should not pass 
direct from this cistern, but a small flushing cistern should 
be provided. This is to prevent contamination of drinking 
water by gases from the W.C. 

5. The overflow pipe should open into the air or into a waste 
pipe which opens into the air, and not into a soil-pipe. 

Objections to the use of cisterns are, that the above 
conditions may not all be complied with ; for water may 
be contaminated by (1) material from the cistern; (2) dust, 
dirt, and dead mice; or (3) sewer gases. Each cistern 
should have a hall-tap for automatically refilling when 
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emptied. A hollow ball, attached to a lever, floats on the 
surface of the water, and closes the inlet when full, and 
opens it when not full. See fig. 57 which shows one in a 
flushing cistern. 

Amount of water required. 

The daily amount per head of population may be taken 
to be about 30 gallons. 

12 gallons for cooking, washing, drinking, etc, 
8 gallons for flushing drains, sewers, etc. 
10 gallons for trade uses, etc. 

30 gallons. 



The 12 gallons for domestic use is made up as 
follows: — 



Cooking 
Drinking (tea, etc.) . . 
Ablution (including sponge bath) 
Share of utensil and house washing 
Share of clothes washing 



gallons. 

•75 

•33 
5 
3 
3 



12-08 



The average for over 40 towns in 1888 was over 25 
gallons per head. The average amount in London in 1899 
was 28 gallons. Hospitals require almost double the 
amount used in houses, and some use more than double. 



PRACTICAL WORK ON CHAPTER X. 

1 . Filtration, (a) Filter some water containing powdered charcoal 
through a filter paper, folded and placed in a funnel. This will illus- 
trate the mechanical action of a filter, substances larger than the pores 
will not pass through. 

{b) Mix salt and fine sand with water ; filter the mixture ; evaporate 
some of the filtrate, which will leave a residue of salt. This shows 
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that only suspended matter (the sand) is removed by filtration, while 
dissolved matter (the salt) passes through. 

2. (a) Test water from various sources for mineral impurities, e.p, 
lead, or lime. 

{b) Try the Condy's fluid test for water containing organic matter. 

3. Pass C02 (prepared by the action of HCl on marble) through 
clear limewater. A white precipitate of carbonate of lime is formed. 
Continue to pass the gaB, the precipitate dissolves. This shows how 
free CO2 can enable water to dissolve chalk or limestone. 

4. Make up some soap solution by thoroughly dissolving some 
soft soap in a mixture of 4 parts me&ylated spirit to 6 of distilled 
water, and then filtering. Dilute this or strengthen it as may be 
necessary so that 2'2c.c. of it exactly give a permanent lather when 
shaken up with 50 c.c. of a solution of barium nitrate (which contains 
•261 gm. of Ba(N03)2 in 1 litre of water). 

This soap solution can be used to estimate the hardness of water. 
1 c.c. will neutralise 2*5 mgms. of calcium carbonate. Find how much 
of this soap solution is required to produce a permanent lather in 50 c.c. 
of a sample of water, and from this we find how much CaCOs is 
present in the water. The hardness is expressed in parts in 10,000, or 
in grains per gallon. 



CHAPTER XI. 
PREVENTABLE DISEASES. 

The diseases included under the above heading are gradu- 
ally increasing in number, and it is to be hoped that 
eventually all diseases will be grouped together as pre- 
ventable. By the term preventable disease is meant one 
which, by taking proper precautious — e,g, the adoption of 
vaccination to avoid the occurrence of small pox — may be 
actually stamped out. An excellent illustration of the 
progress of disease prevention is given by the recent 
researches on the cause of malaria and its discovery. 
This disease, long regarded as inevitable in and unalien- 
ably associated with certain tropical districts, will, in all 
probability soon become either easily prevented or entirely 
unknown. The rapid reduction in the mortality from 
typhus fever in this country, and the virtual disappearance 
of small-pox from the whole of the German empire, are 
important proofs of the possibility of preventing diseases. 
Before classifjdng these diseases it is necessary to refer to 
the importance of abolishing any division of them into 
contagious and infectious — terms that should have long 
ago become obsolete as far as their use in classifying is 
concerned. The term ** conmiunicable " is now generally 
employed, and includes all diseases that have been pre- 
viously classified either as contagious or infectious. 

The most satisfactory classification of preventable diseases 
is their division into two classes, viz. : — 

1 . JSndemie diseases, which may or may not be commu- 
nicable from one person to another, and may 
be said to belong to the place and not to the 
people, and so are constantly present in certain 

249 
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localities iu consequence of unfavourable con- 
ditions and surroundings. Thus rheumatism 
occurs in damp localities, malaria is common in 
certain tropical countries where the necessary 
conditions prevail, and consumption may be 
induced by damp soil and deficieiit ventilation. 
2. Epidemic diseases, on the other hand, are always 
communicable and spread with great rapidity 
from person to person, and from place to place. 
As these are the more important it is necessary 
to deal with them £rst. 

Epidemio Diseases. 

These include small-pox, scarlet fever, measles, whoop- 
ing cough, diphtheria, chicken-pox, typhus fever, and 
enteric or typhoid fever, all of which have certain common 
characteristics, viz. : — 

(1) They are all communicable from one person to 
another. 

(2) Each disease has a definite duration. 

(3) When a person becomes infected with either of these 
diseases no symptoms are at first produced. This interval 
which elapses between the time of infection and the appear- 
ance of the first sign or symptom of the disease is called 
the period of incubation. Then the ordinary symptoms of 
the disease appear and last for a certain time, during 
which the patient may die. If the individual survive 
the active period of the illness, recovery usually takes 
place. 

(4) Their most remarkable characteristic is that an attack 
of either is rarely followed by another in the same indi- 
vidual, a fact that is expressed by saying that a more or 
less complete immunity from that disease is conferred for 
the rest of life. 

Various doctrines have been held at different times as 
to the cause of disease, but only the most recent one — 
the germ theory — explains in anything like a satisfactory 
way the above characteristics. The germ theory was 



FKEVENTABLE DISEASiSS. 25 1 

suggested by observing the close analogy that exists 
between an attack of one of these diseases and the pheno- 
mena which are observed when some such an experiment 
as the following is performed. Take a large bottle aud 
place in it some sugar and water. When the sugar has 
dissolved add a small quantity of yeast; then cork the 
bottle tightly, and let it stand in a warm place. At first 
nothing happens — this corresponds to the incubation stage 
of a disease. Then fermentation begins and results in the 
formation of alcohol and carbon dioxide — corresponding to 
the active period. Finally the fermentation stops, the 
alcohol and carbon dioxide having rendered the liquid 
incapable of being further acted upon by yeast, although 
there may be an abundance of sugar still left in the liquid. 
A further addition of yeast, moreover, produces no further 
change, so that there seems to be something here which is 
akin to the immunity produced in people who have had 
the disease. This obvious analogy between fermentation 
and infective disease processes has led to the term zymotic 
(from the Greek word meaning ferment) being applied to 
them. 

Disease germs. The germ theory assumes that zymotic 
diseases are caused by microscopic living particles called 
germs or bacteria. These minute organisms are found to 
possess various shapes, and this afPords the simplest means 
of classifying them. 
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Ifig. 82. — Forms <>f Bacteria. 

1 , Coccus ; 2, Strepto-cocci ; 3, Staphylo-cocci ; 4, a, Spirillum ; b and c, 

comma-shaped spirilla. 

{a) The cocci, or micrococci, are tiny round or oval shaped 
cells. If they are found to be arranged in strings or chains 
they are called strepto-cocci, and others, which are usually 
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arranged in irregular clusters like bunches of grapes, are 
called staphylo- cocci. These two kinds of cocci are frequently 
the cause of trouble in human beings. The strepto-cocci 
are generally found in spreading inflammations, erysipe- 
latous conditions, and inflamed joints. They are also 
often the cause of acute inflammation of bones, and 
occasionally produce inflamed throats similiar to a diph- 
theritic condition. 

The staphyh-cocci are commonly the cause of carbuncles, 
boils, and localised abscesses, aud are also often found in 
cases of inflamed bone. Both kinds — strepto-cocci and 
staphylo-cocci — may be the cause of general blood 
poisoning. 

[h) Bacilli, These consist of long or short cylindrical 
cells which may or may not be motile. Many important 
diseases have been conclusively proved to be caused by 
different bacilli. Thus the tubercle bacillus is always 
associated with phthisis or consumption ; the anthrax 
bacillus is the cause of anthrax in animals and human 
beings; while the typhoid bacillus and the diphtheria 
bacillus are respectively the active 
agents in the production of typhoid / 

fever and diphtheria. These various °^^ ^\^^ 
bacilli when properly stained are ^^ \ 

seen to have characteristic shapes — 1 

a fact which aids in their identifi- ^ <^/ ^ 

cation. A reference to fig. 83 will • ** ^ 

g^ve the student some idea as to i?ig. 83. 

the characteristic appearance of some forms of bach.li. 

of these bacilli. o, Bacillus of Tetanus or 

{c) Spirilla. These consist of V^r\ kdmSTf 
cvHndrical cells more or less spiral Anthrax (wool-sorter's 

•^ rrii J" i 1 disease) ; a, Bacilli snow- 

or wavy. They may present the ing bipolar staining. 
appearance of a slender wavy spiral 

thread, like the spirillum of relapsing fever (fig. 82, No. 4a), 
or they may look like a simple curved rod, like the * * comma " 
shaped spirillum of cholera. 

How germs are conveyed. When germs have once been 
introduced into the body they grow and multiply enor- 
mously. In most cases it is very likely that infectious 
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material is cast off from the body from the commencement 

to the end of the disease, so that the patient remains a 

possible source of infection for a considerable 

'N time. Germs differ to some extent in the way 

^ >J that they are most liable to be spread from one 

'^ r» ^ place to another. The commonest methods 

^ are:— 

^fj '^ (a) By air. The germs of whooping cough, 

^ scarlet fever, measles, small-pox, chicken-pox, 

Fig. 84. diphtheria, tuberculosis, mumps, influenza, and 

Spirilla. plaguc, seem to DO Capable of being carried in 

the air from place to place. The result is 

that inhalation is probably by far the most frequent 

means of communication of these diseases. In camps, 

enteric or typhoid fever is frequently spread by dried 

excreta of typhoid cases becoming pulverised and floating 

about in the air, ultimately finding its way into the human 

body either with the breath or swallowed with the dust. 

This, also, probably accounts for the occasional spread of 

typhoid fever in hospital wards, where due attention is not 

paid to the disinfection and careful handling of all soUed 

linen. In some diseases — typhus fever, small-pox, and 

diphtheria in particular — the breath of the patient appears 

to be specially infectious. 

(i) By water (and food). The two most important 
diseases usually spread by infected water are typhoid fever 
and cholera. Dysentery and some forms of diarrhoea may 
also be conveyed in the same way. Infected milk may 
probably spread tuberculosis, and this is generally sup- 
posed to be the chief cause of " consumption of the 
bowels,*' but whether this is true or not appears to be 
still a disputed point. Epidemics of scarlet fever have 
undoubtedly been proved to be connected with infected 
milk. 

(<?) By clothesy etc. Disease germs may lie dormant in 
the clothes or furniture of the sick room for long periods, 
causing infected books, clothes, toys, and furnitui-e to 
undoubtedly play a very important part in the spread of 
disease. Scarlet fever and small-pox appear to be very 
often communicated in this way. 
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(d) By living creatures. Flies are probably very actdve 
agents in the conveyance of bacteria from one spot to 
another, and it is extremely likely that they may have 
been the cause of many of the outbreaks of typhoid fever 
which have not definitely been traced to a previous case. It 
is easy to imagine that all kinds of diseases are spread long 
distances by this means. The communication of disease 
by means of birds or domestic animals is also another 
possibility. 

At first sight it would appear that, as we seem to be 
surrounded on every hand by all kinds of bacteria which 
are capable of producing disease, every one of us must 
eventually suffer from almost every known disease Practi- 
cal experience, however, shows that this is not the case, 
and the explanation lies in the ieuct that a healthy indi- 
vidual can usually resist the attacks of these germs, and 
probably disposes of them by a process similar to digestion. 
Two people may be exposed to infection at the same time 
and under precisely similar circumstances, yet one may 
contract the disease while the other escapes. This is 
explained by saying that the one is more susceptible than 
the other to the illness in question, which means that the 
vital actions of the second person successfidly opposed the 
invasion of the bacteria while the first could not offer 
sufficient resistance to their multiplication in the body. 
The susceptibility to infection, as a general rule, decreases 
with advancing age, and depends also upon the state of 
health of the individual, hereditary predisposition, and 
individual or family idiosyncrasy. 

The common practice of exposing children to infection, 
on the pretext that, sooner or later, they will be bound to 
have certain diseases, e.g, measles, whooping cough, and 
scarlet fever, is nothing less than criminal. It should be 
remembered that a mild case in one child may give rise to 
a fatal case in another, and that one attack of the above 
ailments does not necessarily afford protection from a 
second; also a large number of children escape them 
altogether, and as the child gets older the liability to 
attack and the fatality both diminish. 

Besults of Infection. These have already received some 
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attention. As a rule the entry of the germs is followed by 
a period of incubation, during which no changes are 
manifest, and which varies fiom 2 or 3 to 25 days, 
being generally fairly constant for each particular disease. 
During this period the germs rapidly multiply in the body, 
and eventually the second stage, or period of invasion is 
reached, which is accompanied by the symptoms peculiar 
to the aibnent in question. Many of these symptoms are 
undoubtedly produced by a poison which is manufactured 
by the germs. This poison is called a toxine. The duration 
of many diseases is often strictly limited. Thus typhus, 
scarletina, measles, and small-pox have a fairly definite 
duration. If the patient survives, the end of the disease 
is probably brought about by the influence of a material 
called anti-toxinSf which the cells of the patient's body 
have manufactured, and which prevents further develop- 
ment. This process may also be somewhat analogous to the 
destruction of animals by means of poisons manufactured 
by themselves if they are shut up in a closed room. More 
recent experiments, however, tend to show that the anti- 
toxine is manufactured by the tissues of the patient, and 
not by the bacteria. However this may be brought about 
is not yet fully known, but there is no doubt that in the 
case of diphtheria, typhoid, cholera, pneumonia, etc., 
certain substances appear in the blood which are antagon- 
istic to the toxine and to the vital activity of the germs. 

Prevention of Infection. 

The spread of infectious diseases is prevented by care- 
fully and thoroughly carrying out various instructions, and 
the adoption of different precautions such as are grouped 
together as follows : — 

1. The separation of the sick from the healthy, or 

isolation, 

2. The separation of persons who have been exposed 

to infection, or quarantine. 

3. The destruction of the disease genns, or disinfect 

tion. 
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4. The acquirement by the healthy of such a condition 

as to render them insusceptible to the influ- 
ence of the germs, ue, the production of 
immunity, 

5. The immediate intimation of the occurrence of every 

case of infectious disease to the medical officer 
of health, or notification. 

Isolation. The best method of isolating a case of in- 
fectious disease is to send the patient to an isolation 
hospital. In many cases, however, this is quite impossible, 
and so the patient has to be treated at home. When this 
is done the following conditions must be strictly observed: — 

(a) The sick-room should be either at the top of the 
house or, better still, in a detached wing ; the 
windows must be such as will afford ample 
ventilation, and there must be a fire-place in 
which a fire is kept continually burning. 

(i) The common practice of hanging a large sheet, 
kept moist with a solution of carbolic acid or any 
other disinfectant, outside the door of the sick 
room is probably of no manner of use except, 
perhaps, to impress the people of the house 
with the fact that every precaution should be 
taken to prevent any contamination from 
coming out. Nor is any useful purpose served 
by placing in the room or about the house 
vessels containing Condy's fluid or any other 
liquid. 

{e) All unnecessary furniture or articles to which 
contagion may adhere should be removed from 
the room. No bed curtains, window curtains, 
or carpets are permissible, and only such books, 
papers, or toys should be allowed as may be 
afterwards burned. 

{d) The nurses or attendants should be, as far as 
possible, those who are protected by a previous 
illness or by other means, and no one else 
should be allowed access to the room. 
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(e) in the room the nurse should wear a simple linen 
dress which can be readily disinfected and 
washed. Before going to any other part of 
the house she should change her outer gar- 
ments and wash her face, hands, and arms in 
some disinfectant. 

(/) Only the nurse should be allowed to take any- 
thing into the room. All food, coal, crockery, 
knives, etc., must be left outside, whence they 
may be fetched by the nurse. 

(ff) Nothing must be taken from the room without 
previous disinfection. All crockery must be 
washed in some disinfectant inside before it is 
taken outside. Similarly all excreta from the 
sick should be at once disinfected and then 
removed, and any soiled linen and clothes 
must be treated in the same way. Discharges 
from the eyes, ears, nose, etc., should be wiped 
away with pieces of clean rag and burned 
immediately after use. Any superfluous food 
should be burned in the fire or some disin- 
fectant added to it. 

Isolation must be commenced as soon as the case is 
diagnosed as infectious, and must be continued until the 
danger from infection has ceased. This generedly occurs 
in 8 weeks for whooping-cough; 7 weeks for small- 
pox and scarlet fever, or until the skin is quite free from 
scales or scabs; and 4 weeks for diphtheria, measles, 
typhoid fever, and mumps. 

Quarantine. The meaning of the term incubation has 
already been explained, so it will be readily understood 
that diere may be numbers of apparently healthy indi- 
viduals in a community who are already infected, but in 
whom no symptoms have as yet appeared. To prevent 
this it is advisable that all persons who are known to have 
been in contact with an infectious case should be isolated 
and kept under observation for a period which varies 
according to the disease under consideration. This method 

AD. HYG. 17 
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is particularly valuable in preventing the spread of small- 
pox in a district. When a case is notified it shoidd be 
removed at once to an isolation hospital, and all possible 
efEoi-t should be directed to discover any individuals who 
may have been infected. These should be held in 
quarantine until all possibility of their having contracted 
the disease has gone. 

DiBinfection. The disinfection of anything, whether it 
be a towel, plate, spoon, or a room, really means the 
destruction of all bacterial life adhering to it. Any sub- 
stance or process which is capable of achieving this end is 
called a disinfectant or germicide^ and these terms should 
be absolutely restricted to such substances. It is probable 
that upon no subject in connection with disease is there 
denser ignorance than upon that of disinfection, and the 
word disinfectant is used broadly to denote deodorants 
and antiseptics as well as true disinfectants or germicides. 
A deodorant^ as eau de Cologne, camphor, tobacco smoke, 
carbon, etc., merely mask a bad smell and have no action 
whatever upon the germs which are the cause of the bad 
smelling gases. The term antiseptic should be applied to 
those substances which prevent the development and increase 
of germs, e.g. Condy's fluid, iodoform, common salt, 
boracic acid, or a dilute solution of some disinfectant like 
carbolic acid. A disinfectant, on the other hand, must 
not only arrest the growth of, but absolutely destroy, 
disease germs. The substances most often employed as 
disinfectants are . — 

{a) Condy^s fluid is a popular disinfecting liquid, but of 
very little utility as a germicide or true disinfectant. Its 
chief use is as a deodoriser and antiseptic, being particu- 
larly beneficial in cleansing and sweetening foul discharges 
from ulcers and wounds, and for bad throats. 

{h) Carbolic acid in a diluted condition, such as 1 per 
cent, solution, is an antiseptic, but in 5 per cent, solutions 
it acts as a fairly satisfactory disinfectant, being sometimes 
used to disinfect the excreta of typhoid patients. When 
used for this purpose it should be remembered to leave 
the carbolic acid in contact with the stools, after mixing, 
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for at least half an hour. OarboUc powders — so called — 
have very little germicidal power as a rule. 

(<?) Corrosive sublimate is a far more active disinfectant 
than carbolic acid, and is a powerful germicide even in 
such dilute solutions as 1 in 1000 or iV per cent. It also 
has the advantage of not injuring wood, varnish, paint, 
plaster, cotton or linen. It may be made by dissolving 
half an ounce of corrosive sublimate (percliloride of mer- 
cury) in one ounce of hydrochloric acid and a pint of 
boiling water. The solution is then diluted with water up 
to 3 gallons, and is coloured by the addition of 5 grains 
of aniline blue. It must be kept in earthenware or wooden 
vessels. For disinfecting the stools of cholera or typhoid 
patients this substance is by far the most satisfactory. 

(d) Formalin is a 40 per cent, solution of formic aldehyde. 
Used in a 1 or 2 per cent, strength it is an active disin- 
fectant, and is more potent and cheaper than carbolic acid. 
The gaseous formaldehyd is now highly recommended 
for room disinfection. It is non-corrosive and does not 
attack metals. The most convenient method of generating 
this gas in a room is by a specially constructed lamp which 
burns methylated spirit, and above the flame of which is 
suspended a metal cup containing a substance called para- 
form. Formic aldehyde is produced in this way, and being 
more difPusible than sulphur dioxide, it is more satisfactory. 
A preliminary spraying of the room with a 1 per cent, 
solution of formic aldehyde greatly adds to the efficiency 
of the process. 

{e) Chlorine is one of the gaseous disinfectants. It is 
conveniently prepared by mixing together 1 lb. of common 
salt and 1 lb. of black oxide of manganese in a basin, 
and then adding 2 lbs. of oil of vitriol. Dissolved in 
water, 1 per cent., it has been used for washing the walls 
of rooms, and a solution of sodium hypochlorite contain- 
ing 1 per cent, of active chlorine has given good results. 

(/) Sulphur dioxide is another gaseous disinfectant 
which is extensively used for the disinfection of rooms. 
The common plan is to prepare it by burning sulphur, 
broken into small pieces, in an iron vessel. The quantity 
of sulphur that should be used is 1^-3 lbs. per 1000 cubic 
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feet of room space. The vessel containing the sulphur 
should be supported upon two bricks standing in a tray 
containing water. To facilitate the firing of the sulphur 
a loose cone of paper should be placed in the middle of the 
mass, and this is moistened with a little methylated spirit, 
which readily burns and ignites the surrounding sulphur. 
Sulphur dioxide is usually regarded as an efficient dis- 
infectant. 

{g) Meat. Burning is the most efficient method of 
disinfection, and all rags which have been used for 
receiving discharges from the nose or mouth should be at 
once placed upon the fire. Old mattresses, pillows, etc., 
should be saturated with paraffin and burned if they are 
not required for farther use. Boiling may be regarded as 
an efficient means of disinfection for bed and body linen 
especially if preceded by immersion in corrosive sublimate 
solution. 

Disinfection by hot air does not give satisfactory results 
and is falling into disuse. Hot dry air requires a long 
time to penetrate into bulky articles such as mattresses, and 
is only rendered capable of killing all bacteria by raising 
the temperature to such a degree as would scorch and spoil 
many materials. 

The use of dry heat is necessary in the case of leather 
articles and bound books, as these articles are spoiled by 
steam, but with these exceptions the disinfection should be 
carried out by steam. 

Steam is by far the most satisfactory disinfecting agent 
for beds, mattresses, pillows, blankets, etc., chiefly on 
account of the rapidity with which it penetrates them, and 
to some extent, because it kills bacteria more quickly. The 
reason why steam penetrates so rapidly is easily understood 
when one considers that as it condenses into water it has 
its volume reduced 1600 times. As the steam, therefore, 
passes into the interstices of a cold body it condenses to 
water, gives up its enormous latent heat instantaneously, 
and shrinks to --h-^ of its original volume, thus creating a 
partial vacuum which is immediately filled by fresh steam, 
so that the whole mass is rapidly permeated. As a result 
of experiments it has been foimd that hot air at about 
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250° F. will only raise the temperature of a thermometer 
placed beneath 8 layers of blankets to about 180° F. in 4 
hours, while steam at the same or lower temperature will 
raise it to 218° F. in 15 minutes under the same conditions. 
The steam employed may be either saturated or super- 
heated. The distinction between these terms is important, 
but often mis-stated. By saturated steam is meant steam 
in such a condition that the slightest cooling will cause it 
to condense. The temperature of such steam may vary 
considerably, and depends, in fact, upon the pressure at 
which it is generated. By increasing the pressure, steam 
at temperatures above 212° F. can be obtained but it always 
remains saturated as long as the pressure continues con- 
stant. Superheated steam, on the other hand, is unsaturat- 
ed, and a slight decrease in temperature will not cause it 
to condense. Superheated steam would be obtained if, for 
instance, the saturated steam (at 212° F.) from an ordinary 
kettle were passed through a tube the temperature of which 
was 250° F. In this case steam would be obtained at 
250° F. and it is called superheated because it will not 
condense until it is cooled below 212° F. again. By boiling 
water under considerable pressure it could be obtained at 
250° F. but this would be saturated because any small 
decrease in its temperature would cause it to condense. As 
explained above, this readiness to condense is an important 
factor in the usefulness of steam as a disinfectant, and it is 
obvious that the saturated form is inmiensely superior to 
superheated steam for this purpose. 

Disinfecting Processes. 

Disinfection of discharges and excreta. The excreta of 
cholera and typhoid patients should be immediately dis- 
infected by strong carbolic acid or a 1 in 100 solution of 
corrosive sublimate. They should not be thrown into any 
fixed privy receptacle and, above all, they must never be cast 
where they can run or soak into sources of drinking water. 
Discharges from ^yes, nose, and mouth should be wiped 
away with clean rags which must be immediately burnt. 

Disinfection of clothing, etc. linen and cotton clothes 
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may be disinfected by prolonged soaking in 1 in 20 car- 
bolic acid solution, or in 1 in 1000 corrosive sublimate 
solution. Woollen materials, blankets, pillows, beds, 
mattresses, etc., should be disinfected by the local sanitary 
authority by means of saturated steam. 

Disinfection of the patient. After the patient has re- 
covered, and before he mixes with his friends, he should 
have several warm baths, and be rubbed with carbolic 
soap. In scarlet fever, where extensive shedding of the 
skin occurs, special treatment is required. During des- 
quamation the body should be washed, night and morning, 
with soap and warm water, and in the intervals it should 
be smeared with carbolic oil (made by mixing one part of 
carbolic acid, three of eucalyptus oil, and sixty parts of 
olive or almond oil) to prevent the particles being carried 
off into the atmosphere. 

Disinfection of the Room, It is perhaps still necessary to 
state that any attempt to disinfect a room as long as the 
patient remains in it is ridiculous. After the patient has 
left the room in which the illness has occurred it requires 
to be thoroughly disinfected before it is occupied by others. 
All cupboards and drawers should be opened and the 
walls and floor made wet by sprinkling water. The 
chimney should be stopped up and the chinks of the 
windows pasted over with strips of brown paper. The 
sulphur is then lighted, and the door finally sealed by 
brown paper and paste. A minimum of 1 J lb. of sulphur 
should be used for each 1000 cubic feet of air space, and 
the use of 2 or 3 lbs. is advocated by some authori- 
ties. The room should now be left for 24 hours, if 
possible. At the end of that time the doors and windows 
should be thrown widely open for several hours, so that 
the room may be thoroughly flushed with fresh air — a 
part of the process which is at least as important as the 
burning of the sulphur. The furniture and all movable 
articles should be carried into the open air and thoroughly 
brushed and dusted. It should be remembered that 
bronze, gilt, and copper surfaces are tarnished by the 
sulphur fumes, and it is advisable to remove all bright 
metallic articles. The paper should be stripped off the 
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■walls and burnt, the ceiling and walls limewashed, and 
the floor and woodwork scrubbed with carbolic soap or 
sanitas. Such is the plan generally advised, and it is 
adopted by practically all sanitary authorities. If coupled 
with the thorough disinfection of bedding, and all possibly 
contaminated clothing it is probably fairly efficacious, but 
if it is the only disinfecting process that is carried out 
it obviously cannot have much effect in preventing the 
spread of disease. 

Immunity. Persons who are insusceptible to a particular 
disease are said to be immune, or to possess immunity. 
It is convenient to divide immunity into two kinds, 
{a) natural, and {b) acquired. 

{a) Natural Immunity. The inmiunity of negroes towards 
yellow fever may be given as an illustration of this. No 
satisfactory explanation has yet been offered for such 
phenomena, but it seems to depend upon either the 
insusceptibility of some individuals to the toxines produced 
by certain bacteria, or to special bactericidal powers pos- 
sessed by the tissues or fluids of these persons. It is a 
well-known fact that different animals have different degrees 
of resistance or non-susceptibility to toxines and other 
poisons. The common fowl, for instance, is unaffected by 
a large dose of the toxine produced by the tetanus bacillus, 
while a pigeon is able to resist a dose of morphia that 
woidd kill a human being. On the other hand, the 
immunity may be due to phagocytoses or the destruction 
of bacteria by the white corpuscles or leucocytes and other 
cells of the body ; and another possibility is suggested by 
the fact that blood serum is capable of destroying certain 
bacteria. 

(i) Acquired Immunity is that which is imparted in one 
or more ways to individuals previously susceptible. The 
commonest cause of this kind of immunity towards an 
infectious disease is the fact that the individual has already 
suffered from an attack of it. There are but few exceptions 
to the rule that scarlet fever, small-pox, chicken-pox, 
measles, and other such illnesses, do not occur a second 
time in the same patient. Probably no one explanation 
■will suffice for all c^ses of this kind, but the immunity ia, 
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in all probability, closely conneoted witb tbe manufaoture 
of antitoxines by the tieauea of the body, and also of anti- 
toxic bodies by the bacteria themaelvee, 

Immunity to some diseaseB may be acquired by inocula- 
tion with the poison after it has been bo modi&ed by being 
passed through some suitable animal, that it prodaces 
only a trifling ailment, and yet affords an immunity which 
is practically equal to that given by an ordinary attack. 
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begun. Tbe initiBl doses of loiiD us ver; small, but these ere gndually 
Inoreased until tbe uiimaJe iritbBliuid snocmaua doses. They we then known 
to be immune to the toxin, and their blood rantaine laige tunounte of 
antitoiiae. (Diphlbeijs.) 

The most familiar of these methods i 

consists in the inoculation of cow-pox, 

calf. In all probability the immunity from small-pox 

conferred by vaccination is due to the fact that cow-pox is 

really a profoundly modified form of small-pox. 

A similar method of conferring immunity is by suc- 
cessive inoculations with a weakened or attenuated form 
of the disease after it has been passed through Tarioiis 
Miimals. Pasteur's method of preventing hydrophobia 
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oouBisto in first inoculating the patient with the toxines of 
the disease after it has been passed through successive 
rabbits, and the poison further modified by exposure to 
dry air. Successive inoculations are then made with lesa 
attenuated forms until at last an inoculation is made — 
without any ill-effect — with material which would un- 
doubtedly set up symptoms of hydrophobia in persons who 
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had not been through the previotis course. The individual 
is then incapable of contracting rabies. 

Quite a different method of securing immunity is by 
the subcutaneous injection of antitoxinea, a mode of 
treatment which has been adopted in oases of tetanus 
(lock-jaw), diphtheria, and snake-bite with brilliant re- 
sults. For the manufacture of the antitoxin of diphtheria 
a horse is injected with gradually increasing doses of the 
tozines produced by the diphtheria bacilli. As a result, 
the horse acquires a high degree of resistance to these 
poisons so ^t towards the end a do»e may be safely 
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injected whioh would probably have been fatal in the 
beginning. The blood aerum of thia horae ia now found 
to have the remarkable property of neutralising or 
counteracting the efiects of the toxine on other animals. 
The active principle of this serum is called the antitosine. 
The effect of injecting such an antitoxine into a patient 
Buffering from diphtheria ia to neutraliae the efiect of 
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the toxines which are being produced by the diphtheria 
bacilli and which cauae all the ill-effects of the disease. 
If injected within the first three daya of the illness it 
appeara to prevent the occurrence of all the aubaequent 
symptoms. The easential difference between thia method 
and the previous one is that in this method the patient 
has the benefit of antitosinea which have been manu- 
factured by the horse or some other animal, while in the 
previous method he gradually m^ni^factivres his owq 
antitoxine, 
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Notification. The compiilsory notification by medical men 
of infectious disease occurring in their practice has un- 
doubtedly proved of very great benefit in preventing 
epidemics. At the same time the full benefit from this law 
cannot be expected unless means are provided for the 
effectual isolation of such cases, and also for the complete 
disinfection of all bedding and clothes. The Infectious 
Diseases Notification Act, 1889, with the Infectious Diseases 
(Notification) Extension Act, 1899, compels medical prac- 
titioners to notify the following diseases : — small-pox, 
cholera, diphtheria, membranous croup, erysipelas, scarlet 
fever, typhus fever, typhoid fever, relapsing fever, and 
puerperal fever. Moreover, any local sanitary authority 
has the power to add other diseases, notably measles and 
chicken-pox, to this list. 

The above methods — isolation, disinfection, quarantine, 
notification, and the production of immunity — are the 
modern means of battling with the spread of infectious 
diseases. As a result even of their present imperfect 
adoption there has been a very great decrease in the 
mortality from such diseases. All, in fact, have steadily 
declined owing to the introduction of the above measures, 
except whooping-cough, which appears to be independent 
of any sanitary precautions, and measles, which has 
increased in large towns. The apparent increase in 
diphtheria is probably due partly to improved methods of 
diagnosis. 

Details of Vaeious Diseases. 

Small-pox is a disease to which an immense amount of 
study has been devoted, owing, on the one hand, to the 
havoc it formerly wrought among European and Asiatic 
nations — a havoc which, at the present day, is difficult 
to realise — and on the other hand to the bitter con- 
troversies which have arisen in connection with the 
method of acquiring immunity against it introduced by 
Jenner. Before the introduction of vaccination the 
epidemics of small-pox occurred every three years, or 
oftener, and were attended by enormous fatalities, also 
loss of eyesight and an amount of disfigurement that i9 
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difficidt to realise now. The incubation period of small- 
pox is about 12 days, and it is infectious from the 
very commencement to the very end of the disease. The 
secretions of the nose, throat, and mouth, as well as the 
contents of the pustules or pocks are infectious. Probably 
the infective matter is given off very abundantly as a fine 
dust when the pocks have dried and are beginning to 
become detached, causing small-pox to be more widely 
propagated than any other disease. 

Immunity against small-pox may be obtained in one of 
three ways : — 

(fl) By natural small-pox ; 
(h) By inoculated small-pox ; 
(c) By vaccination. 

The amount of immunity conferred by a previous attack 
depends upon the severity of the illness, a severe attack 
giving a more lasting protection than a mild one. 

Inoculation of the disease itself has been practised in 
India, China, and the East generally for a great number 
of years. The practice was introduced into England about 
1723 and became very general about the latter half of the 
eighteenth century. The fatality of the disease so imparted 
was found to be much less than that of natural small-pox, 
2 or 3 per cent, of the cases ending fatally instead of 20 or 
30 per cent. This method was, however, rightly abolished 
as it increased the number of cases from which infection 
could spread. 

A discussion of vaccination is beyond the scope of this 
book. The theory of the immunity derived from it has 
already been mentioned. It is found as a rule that the 
production of one scar by vaccination affords immunity for 
one year, while four good scars confers immunity for 10 or 
more years. Moreover it can be proved that the fatality 
of the disease is inversely proportional to the number of 
marks or scars, the mortality among persons with one 
mark being 6*2 per cent. ; with two marks 5*8 per cent. ; 
with three marks 3*7 per cent. ; and with four marks 2-2 
per cent. Re-vaccination at the age of 12 to 14, if properly 
performed, undoubtedly confers almost absolute immimity 
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for the remainder of life, and in countries where re- 
vaccination is compulsory the disease is practically un- 
known. 

As the incubation of vaccination is 8 days as compared 
with 12 days for small-pox, it is possible to render a person 
immune after he has actually contracted small-pox. Thus 
if a person is exposed to infection on a certain day and be 
vaccinated either at once or during the following two days 
the development of small-pox will be anticipated by the 
vaccination. Vaccination on the fourth day may prevent 
the development of smaU-pjx or, more likely, cause the 
case to be a very mild one. 

The only argument of anti- vaccinators that is worth any 
attention at all is the one that attributes the reduction of 
small-pox to improved sanitation. This is conclusively 
proved to be false on the following grounds : — 

(1) Before vaccination was compulsory, small-pox was 

a disease of childhood, while it is now trans- 
ferred to later periods of life. The obvious 
explanation is that vaccination protects the 
infant population from small-pox, but that as 
the immunity conferred gradually passes away, 
the susceptibility to infection increases with age. 

(2) Most conclusive evidence of the intimate relation- 

ship that exists between re-vaccination and 
immunity, is shown by the insusceptibility 
enjoyed by re- vaccinated postmen and nurses. 
The re-vaccinated nurses at the Leicester 
Small-pox Hospital escaped, while those who 
refused vaccination contracted the disease. 
Also the statistics of the epidemic of 1900-1901 
are equally convincing as to the efficiency of 
vaccination. 

(3) The fatality among vaccinated cases is very much 

less than among the unvaccinated. 

(4) Among the small-pox cases who have been pre- 

viously vaccinated it is found that the greaiter 
the number of vaccination marks there are, the 
less is the mortality due to the disease. 
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(5) In epidemics it is a common experience to find 

that in the same home the disease will attack the 
unvaccinated inmates, and pass by those who 
have been vaccinated. If a vaccinated and an 
unvaccinated person contract the disease to- 
gether there is a conspicuous difference in the 
severity of the two cases. 

(6) In Germany where vaccination and re- vaccination 

are compulsory small-pox has been almost 
stamped out, in fact for many years there has 
not been a case of purely native origin. 

The increased number of small-pox cases which usually 
occur in the neighbourhood of small-pox hospitals afEord 
evidence as to the possibility of this disease being con- 
veyed by air for a considerable distance. Probably many 
of these cases have been due to the laxity of the regula- 
tions controlling the access of tradesmen and others to the 
premises, but this can hardly be urged as a cause in the 
case of the floating hospitals in the Thames, where there 
cannot be any question of the infection being conveyed 
outside by nurses, attendants, ambulances, etc., and yet it 
is conclusively shown that the districts nearer the ships 
had a greater number of cases than those farther away, 
and also that the direction of infection was that of the 
prevailing wind. The conclusion that one must draw is 
obviously that the aggregation of a large number of acute 
cases of small-pox is fraught with serious danger to the 
public, and the question naturally arises whether the risk 
to the lives of the patients themselves is increased by treat- 
ment in a strongly infected atmosphere. It is indeed 
fortunate that other methods for controlling the terrible 
disease are available, namely, vaccination and re- vaccina- 
tion. Now that it is being realised that a definite danger 
arises from isolation the last plank is removed from the 
platform of the anti- vaccination agitator. Without wishing 
to decry the secondary advantages to be derived from 
improved sanitary conditions and the provision of 
hospital accommodation, it is increasingly evident that 
small-pox will never be eradicated until the community 
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is protected by compulsory, vaccination and re-vacci- 
nation. 

Chicken-pox is a disease of childhood but may aiSect 
people of any age. It is highly infectious, being probably 
transmitted by the breath of affected persons. As the 
disease is usually trivial it is not usual to take any special 
precautions as to disinfection. 

Scarlet fever. The incubation period of scarlet fever is 
variable, being usually 3 or 4 days, and the disease is 
probably highly infectious from its commencement. In 
the earlier stages infection is spread mainly by the breath 
and the secretions of the nose, mouth, and throat, and 
later on a possible cause may be the scales of desqua- 
mating skin which are particularly liable to adhere to 
clothing and to lie latent for an indefinite period. The 
spread of scarlet fever by the milk supply has already 
been referred to in dealing with the subject of milk. 
There is a possibility that cows may suffer from a 
disease akin to scarlet fever and so yield an infected milk, 
but the chief danger arises when a case of scarlet fever 
occurs at a dairy and the milk becomes infected by the 
direct absorption of bacteria from that case. The means of 
preventing the spread of scarlet fever will therefore include, 
in addition to notification, iBolation, disinfection, etc., an 
investigation as to the possibility of there being a contam- 
inated mUk supply. . 

The contagion of scarlet fever, unlike that of small-pox, 
does not appear to be capable of travelling long distances 
by the atmosphere. The commonest cause of its spread is 
carelessness in allowing convalescent patients to mix with 
other people before the desquamation or "peeling" of the 
skin has completely finished. The pieces of skin may not 
actually be infective, but it is a fairly good rule that the 
case is infective as long as there is any trace of desqua- 
mation, or any discharge from the ears. Another cause 
is the occurrence of very mild cases that are not recognised 
but which are capable of infecting others with a much 
more severe type of the disease. 

Measles produces a very high death rate among children, 
but is not necessarily so fatal as it appears, most of the 
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deaths being due to bronchitis and pneumonia, which so 
often either complicate or follow an attack of measles and 
are frequently caused by neglect and exposure to cold. 
The incubation period is usually about 10 days, and its 
rapid spread is undoubtedly due to the fact that it is highly 
infectious before the rash appears, while its symptoms can- 
not possibly be distinguished from common catarrh. The 
disease is so universal in this country that few escape from 
it. The contagion has very small powers of resistance and 
cannot retain its vitality long, so that the ordinary processes 
of disinfection are quite sufficient. 

The increase in the prevalence of measles during recent 
years is usually attributed to : — 

{a) The crowding together of children in schools ; 

(b) The increase in town populations ; 

(c) The impossibility of recognising the disease before 

it becomes infective. 

If an outbreak of measles occurs in a boarding school, 
the cases should be at once isolated, and all scholars who 
have been in the same dormitory during the previous week, 
or sat next to them in class-rooms during that time, should 
be placed in quarantine. If the latter procedure cannot 
be carried out, the next best thing is to isolate aU scholars 
who show any signs whatever of an ordinary cold. 

During an epidemic in a district the following, pre- 
cautions should be taken : — 

(1) Children from infected houses should not be 

allowed to attend school. 

(2) Scholars who appear to be suffering from a cold 

should be sent home. 

(3) All absentees should be visited in order to ascer- 

tain the reason of their non-attendance. 

(4) In rural districts the closure of schools during an 

epidemic is desirable, but in towns the advant- 
ages of this proceeding are doubtful. During 
the closure the school should be thoroughly 
disinfected. 
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German measles is an infectious disease wliicli lias symp- 
toms bearing some resemblance to both measles and scarlet 
fever. It is quite a distinct disease. It usually has a 
long incubation period of about 16 days and is very infec- 
tive. The illness is generally mild and the disease is not 
common. 

Whooping-cough is a disease which may attack people 
at any age, though it is commoner and more fatal among 
infants than among older children and adults. Its in- 
cubation is about 8 days. The case should be at once 
isolated, and the secretions from the mouth, nose, and 
throat, and also the vomit, should be treated as infectious. 
After the illness the clothes and the room must be dis- 
infected. The duration of the attack averages 6 weeks, 
but it may be as short as three, or prolonged for months. 
It is probably infectious by the breath before there is any 
cough. Whooping-cough is now the most fatal of all the 
infectious complaints of children under 5 years of age. 
The greatest number of cases occur during March and 
April. An epidemic of whooping-cough often foUows an 
epidemic of measles. 

Mumps frequently occurs in epidemics during cold and 
wet weather, giving rise to little, if any, mortality. The 
outbreak is often associated with an epidemic of measles. 
The disease has an incubation period of over a fortnight, 
and it frequently attacks children or young adults. From 
3 to 4 weeks isolation is necessary. 

Diphtheria. During the last 20 or 30 years there has 
been a progressive increase in the rate of mortality from 
diphtheria in England and Wales, and the increase is 
chiefly in densely populated districts. This increase is all 
the more peculiar when it is noted that it has coincided, 
in point of time, not only with the improvement of the 
sanitation of these districts as regards water supply, 
removal of refuse, drainage, and sewage, but also with a 
continuous and marked diminution of the rate of mortality 
from the group, of zymotic diseases (including diphtheria). 
Cases of diphtheria are particularly liable to appear in 
rural districts independently of any pre-existing case. This 
usually happens in damp and badly-drained localities. 

AD. HYQ. 18 
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There is also reason to believe tliat in some cases epidemics 
of diplitheria are preceded by the prevalence of sore throats 
which do not in the first few cases present any of the 
ordinary symptoms of diphtheria, but which increase in 
severity until they assume a definite type which is indistin- 
g^shable from diphtheria. A bacteriological examination 
of the secretion from such throats would probably show 
that they were really mild cases of diphtheria, and were 
all caused by the characteristic bacillus of diphtheria. 

Abundant evidence appears to be available to show that 
diphtheria may be conveyed by milk, and this inf ectivity of 
the milk seems to have been due, in some cases, to some 
disease in the cow. Domestic animals, particularly cats, 
are liable to a form of diphtheria which is undoubtedly 
responsible for a large number of cases. The increase in 
the number of cases occurring in towns is probably due to 
the system of compulsory education which now prevails, mild 
cases being able to attend school and infect other scholars, 
who, in their turn, take it to all parts of the locality. Part 
of the increase is, however, undoubtedly due to the improved 
facilities for the correct diagnosis of the mild cases on 
bacteriological grounds. 

The incubation period of diphtheria averages between 2 
and 6 days. The greatest number of cases and the maxi- 
mum mortality occur between the ages of 3 and 12. Cases 
should, of course, be isolated, and all discharges from the 
nose and throat, as well as clothes and bedding, must be 
disinfected. When an epidemic occurs the milk supplies 
should be investigated, and the usual attention paid to 
schools and school attendances as described under measles. 
All children suffering from sore throat should be sent 
home. The use of diphtheria antitoxine has a remarkable 
effect in cutting short the symptoms, and it probably 
reduces the infectivity. 

Enteric Fever — or tjrphoid fever — ^is essentially a disease 
of contaminated water or food. Such contamination can 
only be produced by the bowel discharges of a previous 
case. For this reason the most stringent precautions should 
be taken to ensure the thorough disinfection of these in 
every case. The best ways of doing this have been 
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described under "disinfection," and these precautions must 
be continued during convalescence until the stools have 
resumed their natural appearance. 

The incubation period is variable, averaging about 12 
days, and the disease is most prevalent during youth and 
adolescence. The commonest causes are : — 

1 . Contamination of the water supply by sewage con- 

taining the evacuations of a typhoid patient. 
In country districts this may be produced by 
cesspool soakage into shallow wells, and in 
towns by the contamination of a reservoir, or the 
pollution of water in a cistern through its over- 
flow pipe communicating with a drain, and the 
infection of rivers by sewage. 

2. The contamination of food by polluted water. This 

is particularly liable to occur with milk which 
is adulterated with infected water, or which 
has been put into cans containing small quanti- 
ties of the water that was used to wash them 
out. It is now established that the infection 
of enteric fever may be conveyed in shell fish, 
more especially in oysters, mussels, and cockles, 
which are collected from beds where the water 
is liable to extensive pollution from sewage. 

3. Direct infection from a patient. The chief cause of 

direct infection from a typhoid patient is prob- 
ably a lack of care on the part of the attendants 
and nurses in keeping their hands scrupulously 
clean and thoroughly disinfected before taking 
food, and after attending to the patient in any 
way. All stains on bed linen should be at once 
covered with a 1 per cent, solution of corrosive 
sublimate. 

The chief points to be observed, therefore, in order to 
prevent the spread of typhoid in a district are : — 

(«) Care on the part of the attendants on cases to 
prevent them being infected. 
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{b) Complete disinfection of the bowel discharges and 

the urine. 
(<?) An inquiry into the cause of the outbreak. If the 

water supply is the cause it must be changed. 

All milk must be well boiled, and all possible 

sources of contamination must be investigated. 
(d) The connections of cisterns, drains, water-closets, 

and sinks must receive careful attention, and 

all refuse, etc., must be removed at short 

intervals. 
Cholera resembles typhoid fever in its manner of pro- 
pagation being always produced either by contaminated 
water or food. It is an endemic disease in India and 
Central Asia, but in England it is a comparatively rare 
epidemic disease, having occurred on four occasions since 
1831. The incubation period is short, averaging 2 or 3 
days. 

The infection is always spread by means of the vomit or 
bowel discharges from patients, and so there must always 
be complete and immediate disinfection of these. The 
precautions to be taken with regard to typhoid fever apply 
equally well for cholera, so it is needless to repeat them 
here. 

Typhus Fever is essentially a disease of dirt, overcrowding, 
and underfeeding. It is therefore confined to the poverty- 
stricken quai-ters of large towns. During the past 30 
years the death rate due to this disease has fallen from 
•193 per 1000 to -0066 per 1000, or about one-thirtieth of 
its former rate. As a matter of fact it is a disease which 
ought to have been banished from civilised communities 
before now. 

The incubation period is very variable, the average being 
between 7 and 14 days. The infection is probably spread 
by the breath, but it is found that only the air immediately 
around the patient is infectious, as the germ is rapidly 
destroyed by fresh air, and does not cling to clothing. The 
essential preventive measures are particular attention to 
thorough ventilation, and personal cleanliness of the atten- 
dants. Cleanliness and fresh air, in fact, soon stamp out 
the disease. 
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Endemic Diseases. 

TubercTilosis is a communicable disease produced by the 
tubercle bacillus. The lungs are the organs most fre- 
quently affected, the disease being then known as con- 
sumption or phthisis. The enormous mortality produced 
by this disease may be imagined from the fact that 1 1 out 
of every 100 deaths are caused by it. The direct cause of 
phthisis is undoubtedly the tubercle bacillus, but in order 
for it to successfully set up the disease it is probable that 
there must be one or more predisposing causes acting at 
the same time. A predisposition is usually acquired by a 
deficient supply of food and fresh air, or by prolonged 
illnesses. The predisposing causes may be divided as 
follows : — 

{a) Heredity, Consumption is not hereditary. At the 
same time a predisposition may be inherited, so that it 
behoves people belonging to consumptive families to take 
extra precautions to prevent themselves being attacked. 

{h) Damp Soil, It has now been established beyond the 
possibility of doubt that wetness of soil is a cause of the 
spread of phthisis to the population living upon it. In 
many districts the lowering of the level of the ground 
water by drainage has been immediately followed by a 
decrease in the death rate from consumption. 

(c) Overcrowding^ with consequent deficient ventilation 
is another potent factor in the cause of consumption. The 
best illustrations of this fact are obtained by reference to 
statistics comparing the mortality among large bodies of 
men in different barracks and prisons, where it appears to 
be inversely proportional to the amount of air space per 
head. An increase in the efficiency of the ventilation or in 
the cubic space allowed per head soon produces a decrease 
in the death-rate from consumption. 

{d) Occttpation, Working in close work-rooms, especially 
those where a large amount of gas is burned, is a further 
predisposing cause. Those occupations in which sharp 
particles of dust are inhaled, causing a chronic inflammatory 
condition of the lungs, render the workmen susceptible 
to the tubercle bacilli; Any exhausting occupation, 
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particularly when coupled with, deficient supply of food, 
renders the body Haole to invasion by the germs in 
question. Occupations necessitating an exposure to wet 
and damp may also be regarded as predisposing causes. 

(e) Other predisposing causes are indulgence in alcohol, 
and exhaustmg diseases such as typhoid fever. 

The dangers arising from the consumption of tuber- 
culous meat and milk have already been alluded to. As 
a matter of fact the chief, and possibly the only, cause of 
infection is the dried expectoration from people suffering 
from the disease. As the sputum dries it rapidly becomes 
disseminated through the air in the form of dust and is 
inhaled by other people. On this account it is the duty of 
the authorities to devise some scheme whereby it may be 
made a punishable offence in trams, railway carriages, 
and public places. All affected persons should be com- 
pelled to spit into spittoons containing 10 per cent, carbolic 
acid solution, or the mouth may be wiped with rags which 
should be immediately burned. A consumptive patient 
should always be treated as infective, and must not under 
any consideration occupy the same bedroom as another 
person. Rooms used by consumptives need thorough 
disinfection after occupation by them. The methods of 
preventing consumption may be inferred by consideration 
of the above causes. They may be summarised thus : — 

(1) Thorough ventilation of living-rooms, bedrooms, 

and workshops. 

(2) Avoidance of injurious occupations, and the 

adoption of some out-door work. 

(3) Nourishing wholesome food, containing a large 

proportion of fats. 

(4) Disinfection of the sputum from infected cases, 

and of rooms after occupation by them. 

The best treatment of incipient consumption is un- 
doubtedly by wholesome food and fresh air. The ** open 
air " treatment appears to be easily first from the point of 
view of results. 

Scrofula is applied to an infection of the glands in the 
neck by tubercle bacilli. The invasion by the bacilli is 
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probably produced by the inhalation of air containing 
particles of dried sputum from a consumptive patient at a 
time when the throat is slightly inflamed and unable to 
resist their attack. From the throat they travel by the 
lymphatics to the glands where they multiply and produce 
the disease. As a rule only children in a generally low 
state of nutrition are affected. 

Bickets is a diseased condition brought about by bad 
feeding, bad ventilation, and dark rooms. The commonest 
cause is the feeding of the child upon farinacious and 
starchy " foods " which it is unable to digest properly, and 
which do not contain the necessary ingrediente for the 
child's development. It is a general disorder, occurring 
mostly among the poor of overcrowded cities, but is occa- 
sionally seen among the offspring of the wealthy. The 
symptoms of a typical case are very characteristic. The 
ribs are beaded at the junction of the costal cartilages, and 
are somewhat altered in shape, while the sternum is pro- 
truded, causing the characteristic ** pigeon chest." 

The lower Kmbs are bowed, and showed enlargements of 
the bones near the joints. These swellings are often still 
more noticeable at the lower ends of the radius and ulna. 
The bony pelvis becomes distorted and deformed by the 
weight of the body in standing or sitting. 

To prevent rickets the child should be brought up 
entirely upon milk, and the living-room and bedroom 
should be well lighted and well ventilated. When the 
disease has been developed the best treatment is to give 
plenty of fresh air, sunny rooms, and plain wholesome diet, 
mainly milk, cream, eggs, and cod-liver oil. 

Shemnatio fever. There is every reason for believing 
that this is a disease produced by some unknown germ. It 
occurs with epidemic prevalence at irregular intervals of 
from 3 to 6 years, attacking both sexes at nearly every 
age. In Norway the disease is compulsorily notifi- 
able by medical men. It has been recently proved by 
Dr. Newsholme that there is a very definite relationship 
between deficient rainfall, low ground- water, and high soil 
temperature on the one hand, and the prevalence of rheu- 
matic fever on the other. The most constant exciting 
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causes are cold and damp, and these are found to be in 
operation in a large proportion of the cases. It is, no 
doubt, in accordance with this that it is least frequent in 
England in the months of July, August, and September. 
Patients who have suffered from an attack of rheumatic 
fever require particular care for several months in order to 
prevent or minimise the heart affections that may follow. 

Malaria is now known to be caused by an organism or 
parasite which is communicated to men by a kind of 
mosquito. When in the blood these parasites pass 
through a definite cycle of development every 24, 48, or 
72 hours according to the type of the fever. The soil, 
therefore, plays only a secondary part in the spread of 
malaria, by its favouring, or otherwise the life and de- 
velopment of this kind of mosquito. The most favourable 
conditions are the existence of pools of stagnant water 
containing water-weeds, because these are the breeding 
grounds of the insect. 

The steps that may be taken to prevent malaria in a 
district are as follows : — 

(a) The most efficient method is the draining of the 

soil. The lowering of the ground water is 
immediately followed by a decrease in malaria. 

(b) The destruction of the eggs of the mosquito while 

in the pools. For this purpose petroleum may 
be used, as it acts mechanically by asphyxiating 
the larvae which float in the surface of the 
water. 

(c) All pools and puddles should be filled in and 

drained, so as to leave no place where the mos- 
quitoes may deposit their eggs. 

(d) The inhabitants should protect themselves from the 

bites of mosquitos, especially at night, by mos- 
quito curtains, and by inimction of the skin 
with oil or liniment containing camphor or 
eucalyptol. 

The steps which are now being taken in malarious dis- 
tricts will probably end in the ultimate extinction of the 
disease. 
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Questions set at the Board of Education Examination in Advanced 
Hygiene, 



Qnestions on Chapter I. 

1888. — What are the fliethods for collecting and examining the 
suspended matters in the air F 

1890. — Under what circumstances is carbonic oxide gas likely to 
he present in the air of rooms ? What are its effects upon the human 
body? 

1892. — How would you detect the presence and determine the 
amoimt of carbon dioxide in air P 

1892. — What is the average rainfall in England? Mention the 
chief conditions influencing the rainfall of a place or country. How 
is rainfall calculated ? MThat is the cause of rain ? 

1893. — How would you construct a rain gauge in the absence of a 
proper instrument ? State the best position to place it. 

1894. — How is the amount of water vapour in air determined, and 
how is it expressed ? What influence has moisture upon health ? 

1894. — What is carbonic acid ? What are its sources ? How much 
is usually present in the outer air, and how is it estimated ? 

1895. — How do you know that air is a mechanical mixture of 
gases and not a chemical compound ? 

1897. — What impurities in air are caused by three manufacturing 
processes with which you are familiar ? Explain how these can be 
best guarded against. 

1898. — Describe in detail any method you would adopt to make a 
quantitative estimation of the oxygen in a given sample of air. 

1899. — How can the amount of carbon dioxide present in the air of 
a room be determined ? 

1899. — How does the variation in the amount of aqueous vapour in 
the air affect the barometer ? How is this aqueous vapour determined 
and expressed ? 

1899. — How is rainfall usually measured? Describe the con- 
struction of a rain gauge. 

1900. — Describe the wet and dry bulb hygrometer. Explain how 
it is used to calculate the degree of humidity of the atmosphere. 

1900. — What is ozone? How can its presence in air be best 
detected ? 

281 
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Questions on Chapter II. 

1889. — What are the methods of yentilation by Eviration ? State 
their advantages and disadvantages. 

1893. — How much carbon dioxide is given off per hour by an 
average adult during (a) repose, (b) hard work? From each result 
calculate and show by means of an example the amount of air required 
hourly for an inhabited air space. 

1894. — What is the composition of the atmosphere when fairly pure? 
Why does the air vary in density and volume at different elevations 
and temperatures? Explain what bearing these changes have on 
ventilation. 

1896. — What is ventilation? Why is it necessary? How would 
you ventilate a schoolroom, and how much space would you allow to 
each pupil ? 

1897. — Explain how you would heat and ventilate a room without 
causing a draught. 

1897. — What are the objects of ventilation? How much fresh air 
is required every hour for each adult, and why? 

1898. — What is meant by the diffusion of gases ? How does it affect 
the question of ventilation ? 

1899. — Describe in detail how you would determine the sufficiency 
of ventilation in a room. 

1899. — Describe a system of ventilating an ordinary sitting-room, 
and explain how the change of air is effected. A room of 1000 cubic 
feet is occupied by one person ; how often should the air be changed 
each hour ? 

1899. — State precisely how and to what extent air is vitiated by 
respiration. What are the methods of examining air for impurities ? 

1900. — ^What is the significance of organic matter in air ? How 
does it affect the problem of ventilation, and how is the amount present 
usually determined ? 

1900. — Explain how the physical properties of air affect the question 
of ventilation. Illustrate your explanation by the action of a fire- 
place in a sitting-room. 

Qnestions on Chapter III. 

1884. — ^What amount of fat is contained in an average diet ? How 
is it disposed of in the system ? What are its effects on the intestinal 
canal? 

1885. — Discuss the value of gelatine as an article of food. How 
much carbon and how much nitrogen are contained in an average 
diet ? 

1886. — Compare and contrast the various cereal grains as to com- 
position and economical uses. 

1888. — ^What are the most common adulterations of bread ? How 
are they detected, and what is the importance of each ? 
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1888. — How much lean beef, bread, butter, and water would be 
sufficient for an ordinary diet ? 

1889. — ^What are the quantities of food substances (proximate con- 
stituents) in the following diet P Lean Beef, 6 oz. ; bread, 20 oz. ; 
potatoes, 10 oz. ; milk, 10 oz. ; and water, 50 oz. Is it an economical 
diet or not ? 

1890. — What is the composition of lean beef? In what respects 
would a diet of 20 ozs. of loan beef and 30 ozs. of water be deficient ? 
1891. — How does margarine differ from butter in manufacture and 
composition P What amount of fat should be contained in a diet for 
laborious work, and what are its uses in the system P 

1892. — What amount of proximate alimentary principles should be 
supplied in a diet for ordinary workP State the advantages of a mixed 
dietary. 

1893. — What do you understand by the term "proximate alimentary . 
principles " P State the amount of these principles necessary in a diet 
for («) ordinary work, (6) hard work. 

1894. — ^What are the functions of nitrogenous food P Mention the 
chief nitrogenous principles to be met with in food and their relative 
values as nutrients. How much nitrogen is required daily by an 
adult at ordinary work P 

1895. — ^What are carbohydrates P State their general chemical 
composition. What are their uses in the body P 

1895. — What is the general composition of fat, and how does it 
differ from that of sugar P What is meant by the digestion of fat ; 
when and how does it take place P 

1895. — How would you recognise wholesome and unwholesome 
butcher* s meat P What diseases may be produced in man from the 
consumption of meat from diseased animals P 

1896. — Explain the preparation of cheese. What is its value as an 
article of diet, and what is its average composition P 

1896. — life can be sustained longer on milk alone than on any other 
single article of food; explain the reason for this. Why is malted food 
good for yery young children P 

1897. — ^How is bread prepared? Explain its value as a food, and 
contrast its composition with that of cheese. 

1897. — What is a standard dietP Give two examples of a simple meal 
containing all the constituents of food in about the right proportion. 

1898. — What is the composition of beef P In what respects would a 
diet of 1 lb. of bread and 12 oz. of meat per day be deficient P 

1899. — ^What are the essential constituents for a diet for ordinary 
workP Explain the functions fulfilled by each constituent, and how 
far one constituent may replace another. 

1899.— Classify the various food stuffs, and explain their nutritive 
functions. 

1899. — What is the composition of butter P Mention the common 
adulterations. 

1900. — What amounts of proteids, fats, and carbohydrates are 
required in a standard diet for ordinary work P Calculate the amount 
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of lean meat, butter, and bread which would be required to produce 
these proximate principles. 

1900.— What IS the composition o£ cow's milk? How can adultera- 
tion be detected ? 

QnestionB on Chapter IV. 

1888. — ^What impurities are most likely to be found in aerated 
waters, and what is their importance ? 

1893. — What is the composition of beer ? From what and how does 
it derive its intoxicating properties ? 

1894. — D ascribe the process of browing and the theory of fermen- 
tation. 

1895. — ^What are aerated waters? What impurities are they likely 
to contain, and why ? 

1898. — Give a brief description of the English method of brewing 
beer, and explain how it differs from the process adopted in Bavaria 
and Germany. How can the percentage of alcohol be determined ? 

QueitionB on Chapter V. 

1884. — In what articles of clothing and of decoration is arsenic 
sometimes found ? What are its injurious effects, and under what 
circumstances are they likely to appear ? 

1884. — What is meant by hereditary tendency? What diseases 
are most markedly hereditary? What precautions should be taken 
against hereditary disease ? 

1887. — What is the best position for writing? What are the advant- 
ages of this position ? 

1889. — How much air-space and how much floor-space per head 
would you provide for in a schoolroom ? How would you arrange the 
lighting ? 

1890. — Describe, stating your reasons, the school furniture you 
consider best adapted for young children. 

1891. — How is ** short sight " produced in school children? What 
measures are necessary to prevent it in schools? 

1892. — Whiat are the advantages of woollen clothing ? Explain its 
action in preventing chill. 

1895. — What is the difference between a wool and a cotton fibre ? 
Contrast the advantages and disadvantages of wool and cotton clothing 
generally. 

1897. — What are the most important points to be borne in mind in 
the construction and wearing of clothing ? 

1897. — Explain the influence of age, sex, and heredity in the 
causation of disease. 

1897. — WTiy do children need to be well clothed? Explain the 
important points to be borne in mind in constructing clothing 
generally. 
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1898. — ^What are the .comparative advantages of cotton, linen, and 
wool for underclothing ? 

1899. — Explain why warm clothing is so necessary in the case of 
young children. Compare the advantages of wool and linen as a 
material for underclothing. 

1900. — What special precautions should be taken as to the clothing 
of young children and old people ? 

1900. — What materials are most suitable for clothes in cold 
weather ? 

QuestloxiB on Chapter VI. 

1885. — What methods should be adopted for preventing (a) mois- 
ture, (b) air from the soil, from entering a house, and why 8}\ould 
they be excluded ? 

1887. — What are the advantages and disadvantages of the different 
ways of covering the walls of rooms ? 

1895. — ^What are the principles which should guide us in con- 
structing house foundations and basement floors? How aro these 
best carried out ? 

1896. — Contrast the sanitary advantages and drawbacks of the 
following materials for roof coverings : slates, Broseley tiles, zinc, lead. 

1897. — Describe the mode of constructing house walls and floors so 
as to prevent damp. 

1898. — ^What is the composition of ground-air ? On what conditions 
are its movements dependent ? Describe the steps which should be 
taken to prevent its entry into a dwelling-house. 

1899. — State the best position for a " damp-proof course ** in walls 
and name the various materials in general use; give a careful de- 
scription of the method of construction you prefer. 

1900. — What are the best materials for (a) the floor of a sitting- 
room, and {b) the floor of a kitchen ? 

1900. — What are the chief materials used in the construction of 
roofs of dwelling-houses ? Compare their relative advantages. 

1901. — Explain what is meant by a damp-proof course, and describe 
how it should be constructed. 

QneBtiosB on Chapter VII. 

1886. — ^Describe some stoves with arrangements for the admission 
of warmed fresh air into rooms ; give a sketch of one of them. 

1889. — ^Describe in detail a grate or stove provided with an arrange- 
ment for the introduction of warmiresh air. 

1892. — ^Explain the principle of construction of an ordinary fire- 
place, and state its advantages and disadvantages. 

1894. — Describe the principle upon which hot water is generally 
supplied to bathrooms, etc., and explain the reason why such an 
arrangement may be attended with danger. How can this be avoided ? 
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1895. — On what principles should fireplaces be constructed P Ex- 
plain their advantages and disadvantages as a means of heating rooms 
as compared with hot -water pipes. 

1896. — WTiat are the objections to stoves as means of heatings 
dwelling- rooms ? Describe any two forms with which you may be 
familiar, and point out their respective advantages and disadvantages. 

1898. — Describe a method of warming a building by means of 
low pressure hot- water pipes. 

1898. — Contrast the advantages and disadvantages of heating a 
building : 

(a) By hot-water pipes. 

[b) By closed coke stoves. 
(<?) By open fireplaces. 

1899. — What are the respective advantages, disadvantages, and 
dangers (if any) attendant upon the use, for warming rooms, of (a) 
open fires, {b) slow combustion, (c) closed coke stoves, {d) gas stoves, 
and {e) hot-water pipes ? 

1900. — What are the advantages and disadvantages of stoves ? De- 
scribe a good form of ventilating stove. 

1900. — Explain in detail (with sketch) one method of supplying a 
house with hot water. 

QaeitionB on Chapter VIII. 

1884. — Describe the construction of a " pan ** water-closet, and of a 
** D " trap, giving sketches. Are they good or bad forms of sanitary 
apparatus ? Give your reasons. 

1886. — Sketch and describe a good form of hopper water-closet. 
How should it be supplied with water ? 

1888. — ^What points should be attended to in the construction of a 
house-drain ? 

1889. — ^What are the uses of soil-pipes P How should they be con- 
structed, ventilated, and connected with the house-drain P Illustrate 
your answer by sketches. 

1890. — Describe, with sketches, some simple forms of water-closet 
basins and traps, stating which you prefer and why. 

1891. — How should a house-drain be constructed, ventilated, and 
disconnected from the public sewer P Give a sketch. 

1892. — What means would you adopt to prevent the entrance of 
sewer-gas into a house P 

1893. — Describe and illustrate by means of a diagram a good and bad 
form of water-closet. Explain its proper connection with any system 
of drainage. 

1895. — Describe the construction of a good and a bad water-closet, 
illustrating your answer by a sketch. State their respective advantages 
and disadvantages. 

1896. — ^What forms of water-closet are most suitable for labourers' 
dwellings and for factories P Under what conditions may they be 
expected to work satisfactorily ? 
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1897. — ^What is a soil-pipe ? Explain how it should be constructed 
and connected with the house-drain. Illustrate your answer by sketches. 

1897. — Describe briefly the essential points to be observed m the con- 
struction and arrangement of water-closets for a house. 

1898. — ^What are the important points as regards the materials, con- 
struction, dimensions, positions, and course of a soil-pipe P Give your 
reasons for considering them important. 

1898. — Sketch (and explain your diagram) a good form of water- 
closet with its fittings and connections. What should be the diameter 
of the supply pipe and of the soil-pipe, and what amount of water 
should be supplied for each flush of the closet P 

1899. — Give sketches of some of the principal water-closets in 
common use. Mention their advantages and disadvantages. 

1900. — What is meant by siphonoffe? Explain how it affects the 
working of water-closets and how it may be gpiarded against. 

1900. — What is the difference between a slop-sink and an ordinary 
sinkP 

1901. — Sketch the arrangements for the drainage of a two-storeyed 
house, including water-closets, bath, and sink, and show the connec- 
tion between the house-drain and the sewer. 



QueBtions on Chapter IZ. 

1884. — ^What are the advantages and the disadvantages of the water 
carriage system of excrement removal P 

1887. — ^What are the best known chemical methods for the treat- 
ment of sewage ? How far are they successful P 

1890. — Give a short account of the treatment of town sewage by a 
precipitation process, stating the results you would expect. 

1892. — ^Describe the method of dealing with excreta by means of 
dry earth, and state the action of the earth upon the excreta. What 
points are essential to its success P 

1896. — ^How should a cesspool be constructed P Describe under what 
circumstances it should be used, and the arrangement you would make 
for its connection with the house. If possible, illustrate your answer 
by a sketch. 

1893. — Deflne the terms ** Intermittent downward filtration '* and 
" Irrigation " as used in the disposal of sewage. What are the con- 
ditions to ensure success in both of these methods P 

1898. — ^What are the comparative advantages of the '* dry'* and 
*^ wet " methods of sewage disposal ? Describe in detail one system of 
dry removal. 

1899. — ^Whatdo you understand by the ** biological methods*' of 
treating sewage P 

1900. — ^Describe a good form of joint for sewers which have to be 
laid in a water-logged soil. How should sewers be ventilated P 
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Qnestioni on Chapter X. 

1885. — What is the constant system of water service ? What are its 
advantages, and what dangers may be apprehended from its adoption ? 

1886. — What are the materials used for filtering water on the small 
scale ? How do they act P What points should he attended to in the 
construction of a domestic filter ? 

1888. — Describe the construction and action of an arrangement for 
filtering water on a large scale. 

1889. — ^Describe the intermittent system of water service. What are 
its advantages or disadvantages as compared with the constant 
system? 

1890. — What are the various methods for purifying water on a small 
scale for domestic purposes P 

1892. — Describe the action of charcoal as a filtering mediimi for 
water. What are its advantages and disadvantages P 

1893. — What is the object of filtering water? Describe any form 
of filtering material with which you may be familiar, and state what 
chemical action it has upon water. 

1894. — What action has water on lead pipes? What quantity of 
lead dissolved in water is poisonous, and how would you detect its 
presence? 

1896. — Explain the various ways in which drinking water may 
become contaminated within a dwelling, and mention the means to be 
adopted for preventing such contamination. 

1896. — Wliat waters have {a) the greatest and {b) the least action on 
lead P What conditions favour their plumbo-solvent action P 

1897. — Enumerate the chief sources of water supply, and point out 
in respect of each the chief impurities likely to be met with. 

1897. — How may drinking water be contaminated in a dwelling- 
house after delivery ? Explain the precautions to be taken to guard 
against this contingency. 

1898. — Describe any one form of filter with which you are ac- 
quainted, and explain its action on water. 

1898. — What methods would you propose for the purification of a 
domestic water supply? Discuss the value of the various filtering 
media in general use. 

1898. — What are the characteristics of river water, and what are the 
dangers attending its use ? 

1898. — Describe, in detail, a method for the filtration of river water 
on a large scale, and the results produced by it. Discuss the advant- 
ages and disadvantages of rivers as a source of drinking water. 

1899. — ^Describe a sand filter for use on a large scale, and explain 
its action. 

1899. — ^What waters have the greatest solvent action on lead ? How 
can the action be prevented P 

1900. — Describe in detail the method of constructing an impounding 
reservoir. 

1900. — What do you understand by germ-proof filters? Describe 
one in detail and explain its action. 
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Questions on Chapter XI. 

1887. — ^What precautions is it necessary to take to prevent the 
spread of enteric (typhoid) fever ? 

1889. — \Vhat are the causes of rheumatic fever? What are its 
dangers ? What precautions should be taken during convalescence? 

1890. — Compare and contrast the methods for preventing the spread 
of typhus and typhoid fevers. 

1891. — What are the distinctions between disinfectants, antiseptics, 
and deodorants? Give examples of each. How should infected 
bedding be purified ? 

1892. — ^What are the conditions that favour the propagation of con- 
sumption ? What means can be adopted for its prevention ? 

1893. — How is small-pox propagated ? What remedies would you 
propose for its prevention and ultimate extinction ? 

1894. — ^How is diphtheria propagated? To what is attributed the 
recent increase of this disease in towns, and what remedies would you 
propose for its prevention ? 

1894. — ^What steps would you take for the purification of a school- 
room in which several cases of diphtheria had occurred ? 

1895. — ^What precautions should a community take for the pre- 
vention of the spread of infective diseases ? 

1895. — What are the usual sources of infection in enteric or typhoid 
fever? Explain the precautions you would take to prevent its ex- 
tension. 

1896. — ^What are the causes of scrofula and rickets? In what 
class of the community are these diseases most common, and what 
principles should be obser\'ed to prevent their excessive prevalence ? ^ 

1897. — Explain the difference between a disinfectant and an anti- 
septic, giving examples of each. How would you disinfect books, 
pillows, and bed-sheets? 

1897. — What is meant by an infectious disease ? Give two examples, 
and detail the chief precautions to be taken when an infective fever 
occurs in a house. 

1899. — What are the best means for disinfecting clothing? Define 
the terms "superheated" and "saturated" steam, and state what 
advantages the latter has (if any) over the former method. 

1899. — What do you understand by a disinfectant? Explain the 
difference between saturated and superheated steam. 

1900. — What preventive measures should be taken to prevent the 
spread of scarlet fever in a small town ? 
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SPECIMEN EXAMINATION PAPEES. 
Eyening Sxftmination, 1901. 

Six Questions may he answered, 

1. Draw up a typical dietary for a healthy man doing heavy 
mantial lahour. 8how why each item is essential. (34^ 

2 . What dangers may anse from an intermittent water supply ? ( 34 } 

3. Show how the amount of {a) carbonic acid gas and (b) organic 
matter can be estimated in a sample of air. (33) 

4. Explain what is meant by a damp-proof course, and describe 
how it should be constructed. (34) 

5. Explain how the waste-pipe from a bath should be connected 
with the drain, and how danger to health may arise. Illustrate your 
answer with a sketch. (33) 

6. What are the chief principles to be observed in the construction 
of house-drains ? ( 34 ) 

7. How does the amount of moisture in the air influence health P 
How is it calculated ? (34) 

8. Describe two different types of domestic filters, and explain their 
action. (33) 

9. State what you know of any measures that can be adopted to 
prevent malarial disease in a district. (34) 

Day Kxamination, 1901. 

Six questions may he answered. 

1. What food stuffs must be present in a diet to maintain health? 
Explain the functions of each. (32) 

2. What is the composition of beer? How is it usually adul- 
terated ? (32) 

3. What action has water on lead pipes ? What quantity of lead 
dissolved in water is considered poisonous, and how would you detect 
its presence ? (32) 

4. What is the composition of pure air? How is it that air varies 
in density and volume at different elevations and temperatures? 
Explain tne relation of their changes to natural ventilation. (32) 
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5. What do you understand by the ** biological*' treatment of 
sewage ? Describe briefly one method proposed. (32) 

6. What do you understand by the term "disinfectant"? Ex- 
plain some of the latest methods proposed for the disinfection of 
rooms. (32) 

7. What is the cause of rain? How is it usually estimated, and 
what is the average annual amount in England ? (32) 

8. What is the influence of schools on the propagation of diphtheria 
and scarlet fever ? (32) 



Evening Examination, 1902. 
Six questions may be answei'ed, 

1. What do you understand by the term "proximate alimentary 
principles" ? State the amount of these principles necessary in a diet 
for [a) hard work ; [b) ordinary work. (34) 

2. What action has pumping water from a well, on the curve of 
underground water? How can a well be protected from surface 
pollution? (33) 

3. What is the composition of cheese? What is its value as an 
article of diet? (33) 

4. What do you understand by (a) a closed stove, and (b) a venti- 
lating stove ? How does the mode of conveyance of heat &om thes& 
stoves difEer from that from a fireplace ? (34) 

5. Sketch the arrangements for the drainage of a two-storied 
house, including water-closets, bath, and sink, and show the con- 
nection between the house-drain and the sewer. (33) 

6. What do you understand by the following terms: — Cun'ent, 
Confined, Saturated, Supei*heated steam? 

What form of disinfector would you recommend for {a) a large 
manufacturing town ; (b) a poor rural district ? Qive your reason for 
the selection. (33) 

7. What are the impurities, {a) gaseous, {b) solid suspended, found 
in the air of inhabited rooms? How can you determine the presence 
of these impurities in air ? 

8. What methods would you propose for the purification of a 
domestic supply? Discuss the value of the various filtering media 
in general use. (33) 

9. What preventive measures should be taken to prevent the spread 
of phthisis ? (33) 
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Day Bxaminatioii, 1902. 

Six qttestions may he atistcered. 



1. Describe some of the methods of preserving meat. (33) 

2. Compare the filtering action of a Pasteur-Chamberland, and a 
large sand filter. How can the work of these filters be kept under 
control? (34) 

3. What objection is there to rooms above 12 or 14 feet high, from, 
the point of view of ventilation ? (33) 

4. How should a cesspool be constructed, and what distance should 
it be from the house ? (33 J 

6. What are the chief methods of warming by hot- water pipes? (34) 

6. How is the amount of moisture in the atmosphere usually deter- 
mined? What is the average humidity of the air in this country? (33) 

7. Describe the best method of lighting a school-room ? How should 
the desks be arranged? (33) 

8. Describe the dry -earth system for the treatment of excreta, and 
point out its advantages and disadvantages. (33) 

9. What are the advantages and disadvantages of formalin when 
used to disinfect a room? How is it best applied? (34) 
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WALL colours for schools . .138 
Wallcoverings .... 156 

Wash-down closet 186 

Wash-out closet 185 

Water 228 

„ , amount required . . 247 

,, as a food 45 

,, carriage system . . .211 

,, closets 181 

, distilled 230 

,, , impurities in . . . 230 
„ „ , tests for . 242 

,, in foods 45 

,, in soil 143 

,lake 230-1 

,, pipes 245 

, rain ... . 228, 239 

, spring .... 228, 240 

„ , upland surface 228,230,239 

„ waste-preventer . . .191 

Wells, artesian 229 

„ , deep 229, 240 

„ , shallow . . 143, 229, 240 

Wheat 74, 75 

Whisky 104 

Whooping cough 273 

Window veijtilators . . . . 37 

Winds 34 

Wines 103 

,, , adulterations of . . .104 
,, , composition of ... 103 
,. , "fortifying" ... 103 

Wood 159 

Wood and Woodhead's report 

on filters 233 

Wool 126 

Work, CO2 given out during . 30 
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Worms from meat 73 

Wort 100 

VEAST 98, 110 

7YM0TIC diseases .... 261 
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SOUTH KENSINGTON EXAMINATIONS. 

ELEMENTARY STAGE. 

Two tjhiUings, 

I,— Practical Plane and Solid Geometry, Firgt Stage. 

Bj^ G. F. Burn, A.M.Inst.M.E. (Medallist in Plane and Solid 
Geometrj'). 

m. — Building Conbtrnction, First Stage. By Brysson 
Cunningham, B.E., Assoc.M.Inst.C.E. 

V. — Mathematics, First Stage. Containing all the Algebra 

and Euclid required. Edited by Dr. Wm. Bbigos, M.A,, 
F.R.A.8. 

" Candidates cannot hut find the hook thoroughly jiiseful/* — G'f^flrrrfww. 

VIa. — Mechanics (Solids), First Stage. By F. Rosenberg, 

M.A., B.Sc. Fourth Edition. 

"Meets most creditably the requirements of the syllabus.'* — 

Sehoolmaster. 

t 

VIb. — Mechanics of Fluids, First Stage. By G. H. Bryan, 

Sc.D., F.R.S., and F. ROSENBERG, M.A., B.Sc. Second JEdition. 
** Seems to be excellently adapted to its purpose." — Educational Times, 

Yir. — Applied Mechanics, First Stage. \^In preparation. 

Vin. — Sou^ "^ight, and Heat, First Stage. By John 

Don J.Sc. 

** A thorougL. iHctical book." — Board Teacher, 

IX. — Magnetism and Electricity, First Stage. By E. H. 

JUDE. M.A., D.Sc. Second Edition. 

**Mr. Jude has treated his subject in a more than interesting 
manner, and his book will be found of great assistance to all students 
of the subject." — Civil Service Gazette. 

X.— Inorganic Chemistry (Theoretical), First Stage. 

By G. H. Bailey, D.Sc, Ph.D. Heidelberg. Edited by Dr. 
Wm. Bhiggs, M.A., F.C.S. Second Edition. 

** Probably the best systematic introduction to chemistry yet pub- 
lished." — Pharm/iceiitical Journal, 
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